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FREFACPf 'J\) FOURTH E'DITION 


iiNeE this volume was written great changes have 
been accomplishe'id in thte Iron Foundry. This is 
fhf exjdanation of Ihe fact that the amount ot 


matterpresent edition is just double that of 
the ^evious one, and that certain portions, notably 
tha«t of machine moulding, have bcrs wholly re-? 
written. 

Additibnal examples of moulds have been intiHi- 
5nc^d, ana some new chapte'rs prepared. Jt is now 
more than 4n elementary treatise, and' should pos¬ 
sess a correspondingly .Jjgber value than' thft^pi^ 
viousHdinons. 


BiTH, 1914 



PREFACE TO RIRST EDITION 

This is an attempt to give a condeTised account^f 
the principles aiid'pi’aclice of Irog FojpSffiTng. It is 
written both for the student and for the pra^tied 
tnan/ I havt ^ated and explliiped principles, and- 
have also ihfluded the most recent practice, particu¬ 
larly hs it relates to the two branches, of* maj^ne 
moulding and the melting of iron. 

•Joseph Hoenee. 
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PRACTICAL IRON, 

jaAPTBR I 

PRINCIPLES 

In this text-book the' endeavour will Ikj \» explain and 
illustrate in a cleaj; and. concise manner the principles 
and, practice of iron moulding and founding. Though a 
dirty trade^mtire of technical skill aild foretheught ar^ 
require!!, more dfifliculties have to bo encountgred thau»in 
many^ trades of more af^arent importance. 'And as it 
i« one the prg,ctice of vshich is very varied and exteijsjv#, * 
and as a thorougjily exhaustive treatment wqpld occupy 
a'Snuch lar^r treatise than this, judicioui? condensatioit 
will b^*n 0 e 8 ssavy. But if we endeavour to go down at 
once tt> first principles, and gain clear ideas aS to the 
fundamentals involved m iron-moulding, we shall be able 
to obtain such a broad grasjlof the subject as nili a»siat 
substqta|htly,'V» the compreherJSiclh of ditails. 

The matrices int« which irpn Is poured in order to 
obtain castings of definite outHnej are invajriably either 
of tand dt iron. Tke process in whieb the latter is u^ed 
is. a iin:’*ll and ‘comparatively restricted sdctfciqn, known 
as chilling; the former embraces all^tke ordinary Iron 
castings—those thp surfaces of which not required of 
a hard and steely character. Beeently, however, the prac¬ 
tice has been d^eloping of casting pipes, wheels, sash 
weights, etc., in p^mdijent ifioulds of iron.. » ' 

Sand is eminently adapted for casting metafe ipt'p. 
BtHnatesial caa take its place, because there-'is' none 
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which is at the same time plastic, porous and firm, 
adhesive and refiractory. Plastkity ; s necessary in order 
that the matrix may be moulded into any form, intricate 
or otherwise. Porosity is essential to permit of the escape 
from, the mo^jlds of the air ana pf the gcses generated hy 
the act of casting, and Jirmoens and adhesiveness are re¬ 
quired- to withstand the liquid pressure of ihe molten 
metal. -A matrix must also be refractory, that is, able to 
.resist the disintegrating ihfluence of great heat, and the 
chemical action of the hot iron itself.' It must, moreover, 
be cheap, readily available, and not difficult to manipu¬ 
late. All these qualities are possessed^ by certain sands, 
and mixtures of sands, and by no other materials.. • 

•The hading branches of moulding derive their names 
Irpm the different kinds of sand mixtures used, termed 
respecti'ce'y green sand, dry sand, loan, to be explained 
directly. It will suffice just now to remark that the fact 
that sands differ widely in their physical qualities is 
appareht to any observant person, so that while One kind 
,will be loose, open, friable, and free, ‘another will appear 
as ithoujjh clayey, greasy,•■ ^ose, and dense. Advantage 
is taken of thesfe differenijes in qijality to^'eltaiA mixtures 
suitable for every clahs ef moulded'woek, from the thin¬ 
nest, lightest rain-water'pipes to the mosj massive and 
heaviest engipe cylinders and bedplates. Almost in¬ 
variably,,‘therefore, foundry sand consist# of mi^rtuies 
of Various sepala^e kinds. By judicicyis mixture, gradqs- 
of any reqtared'character can be obtained. 

To enable the sand to take the requisite definite im¬ 
pressions and outlines, it is necessary to employ patterns, 
thp, shapes of, which are in^he main the counterparts of 
those eCthe castings -vtanted. These patterns arg^igsome 
cases ahsplutely like their tastings, bat jn others ffiey 
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resemble them onlj to a certain extent. Thus, if work is 
to be hollpw, the h|llow portyns, ilist’ead of being pro¬ 
vided in the patterns, may be, often much better formed 
in cores-iT^nnU on,the pattSrns indicating their pbsi- 
tions, and the print imjtfSssions affording them support. 
But in mucli large work, again, the patterns are mere* 
skeletons,'profile forms, and the mould is p/epared 
mainly by a process of “ sweeping ” or “ striekliiig ” up. 

In order to effect delivery of patjjprn8,*a process of 
loosening by ha# to be resorted to, and this, 

together with the lifting or withdrawal^ tdhds to damage 
the piould. Jlo prevent or to minimize this inyury^ tapei^ 
is given to patterns, that is, their dimensions are slightTy 
diminighed in their lower portions, or in thcce Which ave 
la%t withdrawn ]{fom thS mould. 

^8 iron shrinks during the process of cooling? an allow-, 
ance has to Be gjven for this “ contraction,” by making 
the pattOTn'Uld mould larger by a torresponding ^mount 
than thB casting is required to be. Moreover, the forms 
of some castings are'sucli that they curve in cooling, and' 
for this also pj-ovision has pro‘i)erly to bg made'in tlfeir 
patterns 

Iron when molten Behaves siAil^ly to a liquid in all 
respects; Jiencg the conditioifs ^ lifiiid presmre exist in 
all moulds. The,ir8n, therefofe, has ^o be^confined «t 
th# time ■'of pfluring by the resistance of largb bodies^ of 
«^d enclosed in bc^es or flasks, whiclk^aje weighted, or 
otherwise secured, .^ufficiept area of entr^ for the nletal 
has to ^e provided by means of huitable gates and run¬ 
ners. The shrinkage of met,al in mass must receive 
ahequate compensation iy/ccder heads. Owin^.to the 
irre^lgt^utlines of cast work, flasks must be jointed, and 
joints of vatiousdilbds have to 1)6 made in the mcvild itself. 



CHArTEti II 

SANDS, AND TUEIIl I’BEPARATION 

At,THOUGH ffe stalj^d, sand is not the only material used 
for moulds, yet ninety-nine onb-liundredths of the moulds 
made, are prt'^ared in sand in one way or anotheis and 
cast ittt'o,either moist or dried. Consisting, asrthis material 
floes, of a vast number of distinct particles, it can readily 
be corfipeJlsd by ramming or pressure to take ,any re¬ 
quired 'outlines and the finest idipressiqus of the pattern. 
Though friable and destitute of cohesien in its natural dry 
condition, it is plastic and coherent when rSoistened with 
watery so that when "in this state it is crfjiabl^not only 
of receiving butpf retaining the impressions made by the 
pattern after its withdrawal. PprthSr, the porosity of the 
' s^nd luuch assists the frto.escape of the gases geaerated 
by casting, and, which‘ in ^h^ absencS^&f a'^ee vent, 
would honeycomlj ihe *castings with innumerable blow¬ 
holes. 

But it is obvioas that* sands are* not all aiike, and a 
very superficial knowledge of mouldingc-is svriBcien^ to 
sfiow that diflSrent classes of mouldg must require diffei- 
ent'kinds‘bf mixtures of sands. In ^eir judicious choice 
aqd proper mixture liete very much of the moulder’s art; 
so that a foreman moulder will s^end' several months, or 
oven'years,.in studying and experimenting in various 
•taixrfiKes before he {fets the very best possibl%j;g3iUts in 
his shop.. 
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Choice of «a«f?s.-tPriraarily tlie cjjioice depends very 
much npoh localities. AYlion building a new foundry one 
would not go to the opposite ejd of^England to get sand 
,to lay doVn his floor' whiijli will properly be from 2 ft. to 
3 ft. or 4 ft. in depth, fie li ould purchase clidhp sand in his 
immediatejieighbourhood, and there are’few localities in 
which tiie new' red sandstone, the green sand, and chalk 
formations, or the coal«measui*;s, do not furbish suitable 
material for the moulder. ^But there afe several localities 
which are famous for some special qualities possessed by 
their sands which render them more suitable 4)r_ sbme 
classes of wdrk than fob others, and small quamtities of' 
these ^ands are often purchased at considerable expense, 
dije chtefly to the cost oj transit, for special work. ThUs^ 
though the y’elfew and greenish-yellow kands^usuafly 
foifm the bagis of*the foundry floor, the fise red sapds 
are chiefly qjgployod for facing and for line snoulding. 

The names and qualities of some of the best-Anown 
sands used in tlris country are summarized below: 

Erith sand, or Londoif sand^ is largely used fot grejn, 
and loai)^ muclj^s. It is sdita^le* for li^ght work, for 
ordinary and nSodera^elJ heavy castjngi,, and, mixed with 
old loam and cow' fiair, for loam york. ‘Devizes and Soend 
sands, us»d iiiHhe '^'^est of En^lanfl, are of a yellow or 
greenish-fellow cwlour, and are used for" general al!d 
heavy work. iTiey are not suitable for Ijjie finest wojk, 
being coarse and clUse. Worcester is a fina rec^sand, used 
for fine moulds and^r facing moulds, in jrhich a coarser 
sand is «sed for filling. Falkirk sand is coarB| and open, 
and is suitable, tharefmre, forecasting hollow ware, into, 
its porosity allowing freeVent for tl|p gases. 'Belfaet salid 
is fihe is need for generqj work, is mix^d wifc ‘rock 
sand, and’ affoifls excellent facing. Doncaste^l ^nfl is 
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suitable for jobb'ug work. It is of a red colour, and 
moderately open. Winnioor sand is very open,' and used 
for strong moulds. Kipp^x, a yellow sand, is employed 
for' cores, and for dry-sand npuld^. Mansfield sand is' 
close', and sifitable for fine wolk.' Derbyshire, Snaith, 
Shropshire, Cheshire, the Birmingham district, and many 
others, produce good sands of various qualities. Sua sand 
is sometimes used for cores, and rock sand— i.e., rotten 
rock—is employed for imparting strength to weaker 
sands. 

MouWing sandc are obtained in the coal measures, the 
■new re'd sandstone, and the greefi saild and chalk.' As 
local foundiies largely use local supplies, a knowledge of 
the precise mixing of sands ftr^ any one localityTias to 
l)e* Acquired there, and the experience'" tfius gained is 
.modified lo be of service when the sandf of another 
locality are employed. Nevertheless, tber^are-certaii} 
general, principles to be observed in the mixing and use 
of sands, which a^iply to all alike. 

\ The t,erms green, dry, ham, ^or, black, strong, weak, 
core, fading, bupU, ptrting,''road sands,, have exclusive 
reference to mixfcir®, and “pfij^sigal conSitions; none 
• whatever lo geologic^ cljaracter, or to locality. 

Sand is g’been wheif the mixture iq.used in itu natural 
condition, t^at is, damp, or mixed with ^ust |ufficiept 
wa^er to render ^ coherent. Immediately after the pattern ^ 
.has been withdrajSm therefrom, the riiould is ready, ex'- 
cept 'for .the nepessary cleaning and* mending up, and 
biaokening,J;o receive the metal. It is also termed weak 
sand.tp distinguish it fromdihe other mixtures, which by. 
cotflpariSon therewith jre strong, t.e., possessed of superior 
blhdingTqualitieB—having n^ore body —rjore cohtjfence. 

L%o^^d .—Every time that a casting ip poured, the 
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sand in the mould fcecomes baked diy the heat of the 
metal, anfl before being allowed to mingle with the floor 
sand it is passed through a riddle free it from small 
particle^of metal, lifters, nails* etc.,*aud i?then moistetied 
with water fi|pm* a btcktt or can, or hose ^ipe, and dug 
over two (jr three times, and it is then ready for use once* 
more. .The floor sand or black sand, therefore, fofms an 
accumulation, always damp^ always ready for filling 
boxes, or for mouljling patterns by a^roceSs of bedding^ 
in. It possesses nO* strength, and is only used for box¬ 
filling. , • 

When a to*uld» requiring a fine sand is large* dr only 
of moderate size, then the common sand wmild be u^d 
fpr its main body—or for box-filling —-and oAy those 
portions whidhscome next the pattern, arnd for amiBc^" 
o*t 80 away,from*it, would he made with^ths more ex; 
pensive sa^. •There are certain primary methods of 
preparing sands which are, however, followed in a]l shops, 
no matter what kinds or what proportions are used. 
Except for mere box-filling, no sand is ever used .just is 
the c6n^tion»ip which it is*dug opt of Ijie quawy orjpit. 
It is mixed wfth other* sasds, or qthgr ingredients, and 
with water. Omitting loam imxtsres we may therefore, 
divide aU prepared^oulding sandslinto two classes, those 
which are used, for box-filling, and fliose employed»for 
faevig. 

• In reference to the first, little preparation is required^ 
The floor ’of a f'rfBndry is composed entirely of "sand, 
which, is being jised and east into over and over again, 
year after year, apd qnly sugh portions as l?ecome burnt 
by direct contact with fhe castings are ever reinpyed,apd 
throwi^away. This sand is receiving csntini^ addi¬ 
tions of new fticing sand, used once in contaofwith the 
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castings, and thenj excepting the bum’, portions, allowed 
to mingle with the floor sand. ' 

Facing sand .—The actual sand which is rammed 
around, and in Tmuiefiiate'contact with, the pattern, is 
termed facing rand, because it foiim^ the* actual faces of 
the mould, against which the metal is poured. This is the 
true moulding material, on the composition and character 
of which' the quality of the casting itself depends in a 
vbry large me4sure„and which is varied by the skill and 
experience of the founder to 'suit different classes of 
work.. Facing ^saijds are made to vary in strength, 
porosity, 'and binding qualities, for different kinds of 
woVk, the reasons of which will be apparent as we- dis- 
cusq, the iSifferent kinds of moiUds. Some of these are 
iSore porquB and sharp than others, and ireing upen, are 
•suitable for light, thin castings, being Inore or less selft- 
venting. Somg of the more open sands are used alone, 
but most kinds requirb tempering by admixture with 
those of opposite qualities, in order to fit -them for their 
specific, uses. Thus strong sgnds, tor those having a good 
■•bodjf, or cdosenes^ of tqxture,«are mixed in yari^le' pro¬ 
portions with the ogen^sharp sandi, and b/farying their 
proportions, sand, likeVroh, can be obtained in any re¬ 
quired grade.* 

Iksnce the fooing*sands sfre prepared by a careful pro- 
^ cess of due pi-oportioning of ingredients adapted* to the 
q^everal classes of wrk for which thepare specially re-, 
quired: 

Pesr light, and for heavy work, and for ^11 intermediate 
classes, the Ikinds and progortions of, sands used, and 
the quanfjty of-coal dust intermixed, will vary, and even 
in-diffe/eat pasts of the same mould. In pauts suk^tto 
miich'pre'ssyre, the sand should be close‘sammed hard, 
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and well vented; ^and in sections^wjjere the opposite 
conditioifs exist, the sand may be light and open. It is 
therefore impossible to give any precise rules. But the 
broad pHnciples upOn which such*mixtilres are propor¬ 
tioned can bg indicated.'. • 

For heary moulds—that is, moulds for massive cast* 
ings—jthe sand will be mixed dense and slmny to resist 
the great pressure an^i heat;, in liylu moulds il will be 
more porous and .weak. In the first, case* more, in the 
latter less, venting' will *l)e required. In heavy moulds 
mo?e, in light moulds less, coal dust will b*e used^ because 
the burning action is more intense in the former than ill" 
the’latter, the action of the hot metal being, continued 
longer in the case of the nrst than in that of the secojid. 
In a heavy rilould, the proportions of coal dust maj* be 
one to six ojeighfof sand; in light mould^it lhay be on^* 
to fifteen of saml. The reason of its use is.as follows: 

Molten metal slightly fuses the surface of siyid with 
which it comes into contact, and tha casting becomes 
roughened in consequelice. ^ perfectly refractory sand 
canndt ^ em^iloyed, there mus^ Ijp a cytain percentage 
of alumina aM(! metalKc oxides, are binding ele¬ 
ments, present, fo render it coherent and workable, and* 
these haypentto be^readily fustblef The more silica pre-- 
sent in a sand the more refractory it^s; bijt too large a 
p*ercentage of this in a moulding sand woflld diminish 
<ts necessary coheeive property. The '{asing sand therej 
fore is introduced«*into a mould to supply tfiat which is 
lacking in the njain body itself^ and by forming a hack¬ 
ing of an inch on ti^o in tl»ickness to the mould, pre¬ 
sents, by the oxidation l)f the coal-dust, this huflijng*apd 
roughsuing from taking pijce. The carbftn of Htie 'cbal 
yields wfth the oxygen of the air, at the high tempera- 
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ture of the inoiil<], either carbonic oxide, or carbon 
di-oxide, and the thin stmtum of tnese gases largely 
prevents that amount of direct contact of metal with 
sand which would .produce bjjrning and roughening. 
Castin'gs become sand-hurnt whei# thfere fs ijot sufficient 
doal dust used ts prevent surface fusion fro^ taking 
place. , 

Dnj sand .—Though ordiiyiry grecai sand mixtures can- 
^ not be dried and yei retain coherence, .mixtures of close 
heavy sands are made, which when dried in the stove, 
are comparatively kard and firm. Only the heavier saftds 
"Or close'clayey texture will bear drying: •green* sand mix¬ 
tures would* become friable and pulverize under; the 
’^ctffin oflieat. There is a superficial or skin drying’px&a-^ 
tised With, these: But that only afeects the 'surface, and 
"ig qmte di^inqt from the drying to which ^he present 
remarks have.reference. Horse manure^ cow hair, or 
straw mixed with (fry sand to render' its otherwise 
close texture sufficiently open for venting: the un¬ 
digested hay in the manuse bdfeoming partially car- 
-boniced during ^he djyi^g *01 the mould, w^ile* the 
moisture also evapera^es at the name tiufb*. Goal dust 
ts added to dry sand mixtures as to green sand. It is 
said to be strong to dtstingmsh it from iveak qjt green 
sand. It is % mixffire which is used fot a better class 
, of moulds thlin ^reen sand. It is also specially adapteS 
fpr heavy work., ]|/ess gas is generated by the use of. 
dry than .of green sand, and ihe m^ld is, therefore, 
safer. It .is mixed damp, and rammed like ordinary 
facing, pr moulding sand, but is dr^ed jn the core stove 
prpvfoug fo casting. Being dried*, it is hard, and will 
stalnd a gfeatef degree of ligi^id pressure, approxMating 
in these respects, and in being mixed witfl horse manure, 
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to loam. But it |iffers from loam in containing coal 
dust, and in being rammed damp, lilte green sand, around 
a complete pattern. 

Core 'sand .—This is variously mixed. For light and 
thin castings it i^ open and porous, bsing chiefly or 
entirely .pioulding sand, and having just sufficient co"'- 
hesiveness imparted to it by the addition of clay water, 
peasemeal, beer grounds, or ^)ther substances, to make it 
bind together. But for heavy work*and that which has 
to stand much pressure, strong dry sand mixtures, 
having horse manure, are used. It-is always rammed 
damp, like moulding sand, and dried similarly to dr^' 
sand moulds. Cores are also made with loarii by sweeping 
jup ol striking tip. ' \ 

Loam .—This is a mixture of clayey and of opemsaiSs 
•ground ug together in proportions va^irig with t^c 
essential ^g,ture of those sands. It is a strong mixture, 
which is wrought wet, and struck up while in ^ plastic 
condition, and being afterwards dried, forms a hard, 
compact mould. The^elosa j;exture of the loam is nbt 
ventei^s ie i^sual with green .and dryfand moulds-, with 
the vent wife; but certain comjjustible substances arc 
mixed and gro’und up with jjlie <is&nd, and these, in the 
drying*8tov(?, becjjme carbonized* leaving the hard mass 
of loam quite porous. The materiar usuayy employed h 
horse manure, containing, as it does, a lar^e proportion 
of half digested'hay. Straw, cow ha,jir, and tow are algc 
employed; but 4^%e horse manure appears to, be "almosl 
universally made use of. Loam is used in different 
grades, being eqarapr for the rough sweeping up of e 
mould, and for beddii%-in the bricks, than fortfacing^nc 
finieiifng the surface. 01^ ham, that is, the^^est* ■un¬ 
burnt 'portions stripped from moulds which 'havb beer 
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cast in, is also ground up again with new sands, and 
used both in loam amf dry sand mixtures. Loam; unlike 
the other mixtures, has no c»al dust mixed with it. 

Parting sund.—This *is burnt ^samf; used for riiakinf, 
the joints between sections of mou>,lB,‘whic‘n, jrithout the 
intervention of the parting sand, would stick tpgether. 
The sand is red sand, baked, or brick-dust, or burnt sand 
scraped from the surface of castings, A thin layer only, 
of no sensible thickness, is used. Its valge consists in its 
non-absorption of moisture, so that it forms a dry, non¬ 
adhesive stratum* beSitween damp and otherwise coherent 
.^3S. Piirfing sand is simply strewn lightly and evenly 
over' with the 'll and. 

• I h,ave not given definite proportions of sands* for 
different mixtures, because the proportions«of such mix¬ 
tures must depend entirely upon locality hs well as upon 
the class of woi;k for which they are intended^ The red 
sand or the yellow sand of one locality will not be pre¬ 
cisely like that of ainother, and therefore 4he practice 
win differ in different parts <}f th* country. Moreover, 
the* nijxture of sapds, li^e^tfiait of metals,^ is laj^eiy a 
matter of individuj,! ppinionuand experMnee; each 
foundry foreman followt the practice wHich in his ex¬ 
perience has produced the b^sfresults. And egaiivgreen 
sand.dry sand, and iLam. mixtures are eaqh prepared in 
various grade* to suit different classes of work, differ¬ 
ences *of strength*or. body being required, not only in 
distinct-mould's, but even in indjviduaVtportions of the 
same ipould. As generally ihdicative only qf the methods 
and proportiorfs of mixing adopted,, a /ew recipes are 
given .in the Appendix. 

faCMi^^irf^Thause of facing sand is not suffusientnlene 
to ensure a'clean face or skin on eastings. ‘Hence a thin 
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film, a facing, or ,a paint of a carbonaceous substance, is 
always brushed (Jver moulds, excfepfing those intended 
for castings of the roughest possible character. This 
film will be laid on wet or diy, atcordisg to the class of 
work. It is com»prii}ed of different ipgredients also. 
Formerly the facings or j)aints were mostly made sif 
ground Wood-charcoal and coal-dust. At that "time the 
moulder mixed his own facings to suit different kinds of 
work, and the muslin hlackiiifi-hafl was din frequent re¬ 
quisition. Now, rariotfs preparations are ground and' 
mixed, and sold under different namet’; for specific pur¬ 
poses. In the, best foundries now, also, nearly pqf^ 
plumbago or black-lead is used almost cxclusiitely. 
Though costly, it produces a finer skin than the prepara-, 
tions of charcoal am^ coal-dust, and is less troublesoinie 
• to apply. It is dusted over the mould, and swept with a 
broad cafiiel-jhair brush, and then sllieked with the 
troWel. Oil green-sand moulds nothing more is required, 
because the porous face of the sand retains the plum¬ 
bago. But on aM drj'Cd-sand and loam moulds, and pi) 
theefaces of skin-dried grqeU-sand moulds, thcCplumbago 
is mf]#!e i»*(J a wa§h with 'water atid clay, or 'other 
cementing subetadees. But en Moulds of this kind, the 
paint, as it is called, is generally made of the cheaper 
coal-dust mixed into a black wash oracet blacking, with the 
•clay water,..the clay in the water binding* the dust and 
preventing it fripn flaking off when in the stove. Since th^ 
best plumbago ^sts something like 3if prewt., or abdiit 
twenty times as muchascoal-dust,‘there is reason for such 
economy. It, however, always peels better«than the coal- 
dust or charcoaf-duht—that is, the sand, can Jie stripped 

Uased an t9l4 prices. 


fro^the casting more freely, leaving % smellier Jjace, 
henceforgo’qjiworkithassifpersededthecommoa blackings. 
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There is much difference in the cost of foundry black¬ 
ings, the price increating with the amount of pure black- 
lead present. All grades are obtainable, for green sand 
and loam, for light an^ faney work, ^nd for general and 
heavy jvork. ^ 

* There is no need to use a large quantity'of blacking 
or plumbago on a mould. It tends to roll up Ifefore the 
metal, and form streaky lines or rough patches, which 
are unsightly. ■ Neither shcfuld it Be sleeked much, for 
• much sleeking is always injurious tothd face of a mould. 
Passing the trowel over it once or twice only lightly- is 
efficient to make il lay to the mould. It is put on dry- 
sand and loapi moulds after they have been dried in the 
stove, and while yet warm. If ths moulds are allowed to 
gwt (fold first, then the blacking mkst be dried off. 

The effect .of the blacking is to prevent the metal from 
bbing roughendd by direct contact with the 6and. The 
plumbago facing acts so efSciently that often when a 
casting iS turned out, if the fingers are rubefied on it, the 
ptjimbago adherenf to its surfacq will come off on the 
fingers, sl,owing that it has*-remained unaffected by the 
heat.* This proteition has nothing to do '«*th ffee pro¬ 
duction of sound ca‘stifigs> but it improves the appear¬ 
ance immensely. 

Clumutry of —The time has Viot arrived when 
chemical anajysis can displace the practical* knowledge 
•gainoi by experience in working in particular grades of 
sttnds., Analysis ‘ skfely asserts that ^e purest sandg 
should consist oMittle besides‘silica and alumina, the 
first the refractory element, the second tlie bond. Lime 
and irbn .oxide, with the a'lkalie,s-^so^a, potash, and 
sonletin^ traces of other ingredients—all detraq^rom 
■ the value of a sand, lowering^tbs fusing pijjnt and ren- 
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dering it liable to flux. If the materials in a sand 
become fused by the molten metU the result will be 
the closing of the pores, so preventing the escape of the 
gases. 


Sizes of grai,ns.-J^ ^tha grains are lar^e and r.egular 
in size and'shjpe the sand will be more porous tha^ 
with opp’v^site conditions. The popular'objection to large 
grains is that they will not produce castings with smooth 
shins. Also grains 6f equal size and of rngular shapes 
favour porosity, while grains of unequal sizes, and which 
have smooth surfaces, do not, though they give a strong 
sand. 


Alumina or clay, being hydrated silicate of alumiu^ 
contams 46.4 per cent, of silica, 39.7 per cent, of alumina, 
and 18.9 per cent, of combined water, so that the tOUb 
silica is a larger quantity than the free silicaj ‘ 
Mechanibal analysis deals with the 8izes*of sand grains’, 
•and is very-useful because it reveals the texture of the 
sand, which is^ passed through a succession of sieves of 
different meshes, and the proportions which pass through- 
the different meshes afford data for estimating^’the luit- 
ability the^nd for fine and coarse wdrk. Weak sdnds 
are fine grained.and usually havel le'hst alumina. They 
are used for light green sand work. For heavy green'* 
sand wdlrk a larger proportion of a'umina is desirable, 
and coarsea.g&ned sands. For dry sand, loam, and 
^cores, the largest^proportion of aluminc, is suitable,Jand 
fine sand. That .castings with smootti 'skins canpot be 
obtained from co&se sands is. negatived by experience. 
The coarse grains favour the escape of tbe gasesi and 
the applications *of facings’ fill up the spaoe^ against 
whic^he metal is poured. The followii^ ard analyses 
of standard Builds used for different kinds of work. 
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Sand for fine caslimjsi 


Silica . . 

i 

. . . 81.SO per cent. 

Alumina . 


, . . 0.88 

Iron Osidc 


f . . ?.14 „ 

Lime ^ . . 


. 1.04. „ 

Magnesia . 


. . . 0.65 , *, 


(1 

im* f^raiu) 

^ Sand f(» 

aterat/c costini/s 

Silica . 


. . •. jiercent. 

Alunigja . 


. . . 7.0d 

Jrou Oxi(h 


. . . 2.18 

Lhno . . 


. . 0.6‘J „ 

Mifgnesia . 


. . . 0.08 


(Me 

liiim 

Sand for heart/ eas/intfK 

Silica . . 


. . . 8:>.!)'2 per (vnt. 

AluTuiiia . 


. . . 8.21 

I ron Oxiilj> 


. . . 2.!tO . „ 

Tiime . . 


. . .1 0,62 

‘.Magnesia . 


. 0.00 


(CtSirsi.' jfraii^) 


But Heinrich Eies nastjta,te(l that there is no relation 
between the bondyig pow*er and plasticity' and*'the per¬ 
centage of-^femina, as determined by cMemical analysis. 
He tays that thetmechanical analysis affords an approxim- 
tite index of«the tofiesiveness of sand, fn this analysis the* 
grains, being passed through* sieve^f different mesh, 
yield perceiy,ages of the grains retainefl in each' while 
the clay ^roup forms another perpentd^e separated from* 
thq san>i*grains. 

Tbe'^;£ture of a sand ha»s a much greater inSuence 
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on its suitabilit}' for a given class of work than the 
chemical analysis. Heinrich Bies illustrates this fact 
by giving four sets of chemicaj and mechanical analyses 
of sands, as below, fn these tfos. ? and*2 agree closely 
in their chemical cortpdisition, but differ initheir tenure. 
Nos. .S an^ 4 agree closely in chemical analysis, but differ 
widely Jn mechanical analysis. No. 1 was Albany sand 
used tor stove plate w,ork. N^. 2, stove plate sahd from 
Newport, Ky. No.,3, sand for general,worlf from Peters¬ 
burg, Va. No. 4, saitd for’general work from Predericks- 
bur{f, Va. 



Chemical nuahises 



No. 1 

No. 2 

No. 3 

.ISO). 4 

tljlii’a 

70.3jj 

"0.33 

84.40 

85.04 per c 

Alumina . . . 


0.38 

7.r>o 

. 5.90. 

Ferric Oxido^ . .* 

■•’..18 

3.98 

2..52 

,3.18 „ 

Lime ...... 

0.44 

1.40 

0,06 

p.or> „ 

Magnesia . . 

0.2" 

0.54 

• 0,21 

0.14 .. 

Potash . . ... 

2.10 

1.80 

1.29 

1.65 * „ 

Soda. 

‘ 1.54 

1.04 

O.G.^ 

0.83 ,. 

Titauij Oxide . . 

0.34 

cr44 

0.44 

0.78 • 

Water •• . ^ . 

2.02 

2.50 

* 1.49 • 

1.57’ „ 

Moisture. . . ^ 

0.;^ 

•0.8(i 

•1.76 

1.11 


• • 


Size MesI). 

. • 

Mechanical cimlffici 

Pee Cent. Ebtained 

1. 2. 3. , 

• • 


20 . . 

.* 0.26 

0.06 

009 

,0.19 

40 . . 

0.51* 

0.12 

0.41 

0.19 

' 60 . .. 

. 2.53 

0.32 

2.21 

0.39 

80 . . 

« e.99 

.0.16 

2.67 

* 0.19. 

100 . . 

. 4.19 

0.83 

17.37 • 

0.98. 

.850 .. . 

. 79.85 

23.88* 

58.20 « 

8I.93I 

My . a* 

. 11.24 

*24.73 

c 

19.02 

15.97 







18 VHACTICAL ^01^ mmmm 

Other material ^.—Small quantities of certain very es¬ 
sential articles ar^ used in foundries, as clay, resin, 
flour, oil, tar, straw, hay, tow, etc. The use of the 
first three is cfiiefiy'ihat of cementing agents for cores. 
Small cores (We cemented witti these, the resin t.nd 
flour binding the sand together, beer grounds and mo¬ 
lasses'being used for the same purpose. Specially pre¬ 
pared “core gums,” the elements of which are only 
known to tfle manufacturers, are sold. Clay, mixed 
with water to various degrees ’of consistence, is a valu¬ 
able- cement for sticking the joints of cores together; 
for B\fa6bing flasks, the better to retain the sand; for 
dementing broken edges of moulds and cores; for mix¬ 
ing with wet blacking; and for other purposes. Oil is 
"used for pouring over the faces of chaplets, over the 
damp meiided-up parts of moulds, and around metallic 
stops in ordqr to lessen the risk of blow’ng occurring in 
those localities, the metal lying more quietly on the oil 
than on the bar/3 metal or on the moist sand. Tar is 
‘ used tor painting over the ends of wrought-iron arms or 
shafts around lyhich metal has to be cast, and for paint¬ 
ing loam patterns^to harden..the-r 8nrfac.;s. Straw and 
. hay are used for,cores, being first spun into bands, 

• which are then wovK-d ijruiid the core-bar. .^hese are 
uqjially spun in the foundry, but caS also be purchased 
ready for'use. Tow is wound round thoefe pottions of 
, bars where the*' spun bands would be,too thick. Hay ifl 
also 'used Jh layers in cinder beds to prevent the sand 
from filling up the interstices of the cinders. 

Sand preparation .—To prepare and^ mix sands various 
inethodji are-made use of. For* file floor sand, simply 
m*oist&ing with watA’ and turning over _ two o'- three 
times with the shovel suffices in most* shops; But all 
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facing sands have to be thoroughly ]onl»erized and passec 
. through sieves of varying sized mesh, according to th( 
class of work for which they are required. Sand as ii 
, comes from the qharry^ is gritty -and lumpy, and is 
riddled to sqpafate th^ lumps, which iir^ either thrown 
aside, or ground and crushed and re-riddled. The suit^ 
able mixtures of sand and coal-dust having been made, 
they arc thoroughly ivtermixfd with water, and are then 
ready for use. , , ‘ 

In reference to flie watering, it is as well to remark 
that this must not render the sand.av*, whjph *ould 
spoil any mouli in which it might be used, bit onljf 
mofst, or damp, rendering it sufficiently dohfirent for 
moulding into. So that'if a portion of such'sand is. 
taken up in 'the hana and squeezed, it will uetaiii the 
impression,impah-ted without falling agart'of itself^ 
which perfectly*dry sand woul'd do. , * 

Machines .—The growth of niac'iiinery for dealjjig with 
sands has beeiavery rapid in recent years. Old methods 
have been extended, ne^ onesihave been introduced. Tl^ 
score? of,designs made may Ce^rqjighly.classifitsd u^er 
four heads: Ilachinerf fo»sand djying, for grinding, for 
disintegrating, ahd for riddlin^'ani sifting. 

Machises for sajid drying are «f cylindrical form, of' 
rotary designs, ifi which the w*et san^ fed in ^t one end 
through'a hopper is conveyed to the other,^he cylinder 
•feeing disposed aten anglb with the h^r^ontal. During* 
its passage it is adjected to a current of hot air. Several 
tons of sand cai^be treated thus daily. 

^ Machines for gfin^ing sand are usually*of the-type 
employed for grinding Ibam. This is essentially Sipoftar- 
mill, hwvmg two heavy grin^ng ro’llers, plafn or ^ove'd, 
between whichP and the bottom of the nan the "ma.Wia.ia 
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are crushed and ground. The rollers rotate on their hori¬ 
zontal axes, and eitlior the rollers, or the pan, revolve 
on their vertical axis, either being driven by bevel gears. 
Sands are ground dry, and loam we’i in these machines. 
The pan is emptied by opening fc, dhor fn |he side near 
the bottom. t 

In the disintegrating machines the sand is kpocked 
about between rapidly revolving pyongs in the same or 



inapposite directions, beiflg thrown outjrards by centri¬ 
fugal force.‘^Early machines were the Schutze “^and the 
.Selfers. Later pn^s more ofteh have two sets of prongs^ 
in which both sets may revqjve, esfih in an opposite 
direction to the other, of one may revolye and the other 
be fixed. The speed of revolution jp very high, and 
lu&ips^jK! broken up effectively. • 

•'Th^$ellert gand-itnxing ^machine (Fig.. 1) operates 
contrifugaHy, The maphiwB is circular, wnd the sand. 
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on being thrown in through a hofjpe?, A, falls among 

a number of vertical __^^ 

prongs standing up from ^ 

a revolving pjate,^ 1 ^., ri- 

The prongs 4 )revent the im.. 

passage (?f stones, and T 
disintegrate the sand in 

its passage outwards. ..jl_ i' i _ 

By the covering*plate,, | ; “ 

C, it is thrown to the J 
ground beneath. The • G. » , 

driving of the Vertical Ji | 

shaft is done by belt^ 1 d|j| 
yulle/, set either aboye Jnf % 

or below the’machine, ^ * 1 

as most canvenient, or ^ 
by electric motor as in ... 


the Fig. The rate of 
revolution of the ^haft 
is about 1,200 revolif- 
tions’ pjj mkipte. The 
hopper is lunged, ^5d 
can be thrown back when 
necessary for thy re¬ 
moval of obstructions. 
• • • 

There is but little differ- 
•^nce between Schiitze’s 
sand-mixer (Fig.*i) and 
that of Messrs. Sellers. 



.In this mixer, uertipal pii„. 2 .—The Schutze Mixeb. 
prongs on a rapidly re¬ 
volving* plate, B, break up yie sand falling tlirqrtgn_ tne 
hopper by cetitrifugal force. A is the hoppfir, C the 
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shaft driven by a'pujley, D. An indiarubber guard round 
the machine throws the sand downwards. The hopper 
and cover (attached to eafh other) can be thrown back 
on a hinge to expose the plate,, R. ^ 

Pig. 3 illusfrates a horizontal class of disintegrating 
tiixer >yith double cages rotating in opposite directions, 
driven by separate pulleys. The hollow shaft 'which 
carries one cape runs in duat-proof .ball-bearings, and the 
inner shaft is fitted in ring-oiling white-metal bearings. 



t ' f. 

r 

'The sand is fed in tht^iigb the shute pt the side, and the 
hoed is hipggd to enable it to bo throwmback for clean¬ 
ing,purpose's. The machine is constructed by Messrs. 
^Alfred Gutmanp, A.G. • ' 

In ’ mixing sand we seldom find^ moulders using 
weights or legal measures. It is alwaf/s measured in 
“barrows,” “ sieves,” “ riddles,” “buckets ”—those being 
tlm' fite^nrils in comraoi} use in foilndries. 

'Tho'^ixing^ is done by In^nd riddles and'sieve?, or by 
mechanislhs. The] first- are employed itf small shops. 
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The only difference between a riddle an^a sieve is one of 
size of mesh. Both alike are circular, But while riddles em¬ 
brace meshes down to yV in., sieves cover sizes below 
these. A screen is used only to’sepafsite tte coarse lumps 
from the sand at the*tidle*of delivery from,the quarry. 

The sand is intermixed, riddled, or ,8ieved by hand« 
upon ^ rude horse formed of wrought-iron bar?. The 
riddle or sieve is thrust backyards and forwards, along 
the top bars, the ssyid falling on the grqjind below, whence 
it is removed to the heap?, or to the sand bins, which are 
lar^ recesses conveniently prepared goiflewhere in the 
sides of the shop ior the storage of sand in read^n^ss for* 
the moulder. All the sifting and wheeling away is dose 
1^ the moulders’ labourers. There are seveifal gpod 
mechanical sifters in use in foundries, operated by poijer 
mechanism^ whi(?h imparts a rocking motien to the 
sifters. 

The swinging sand sifter (Pig.* 4, shown in plan and 
in elevation), made for driving by pojver, is suspended 
from the beams of a rdbf or ^oor above by loosely hung* 
sling Vod|. TJje parts are as follo\j: .1 is the tiay itSelf, 
formed of a ^iece of in- l^ent round to form 
three sides of of reclangle, th? fourth side being open., 
There ai^ three rows or tiets ff -?«in. round.bars riveted, 
across, so pitchpd out that the rods*alternate with jne 
another'in the vertical direction the betteB^tb assist in 
breaking up the Ivger lumps ot sand, ^ffer the lower\ow_, 
is laid the sieve J)pttom /not shown m*thi^ figure), the 
size of the mesh of which may vary Tfrom i to I in. 
Screwed stay rod| pass acrops from side to’side, and by 
means of those which eome near the ends,- the |traps; B, 
are faatened,.to which the sling rSds, C, ar« hookfli. Ttc 
oscillatory mo4i&n is imparted by means of the three teeth. 
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D, thrasting agajnst the pins in the slotted piece, E. F, F 
are the fast and locfee pulleys for driving, having theii 



Fici.‘ 4.—Swisaise Sakd Sipteb. 


shaft beyings in tue bracket, G, *oited to a wall, or ac 
ccmvenjent. The tray^is suspended at a §light» angle 
the open £nd, or that farthest from tlie<drivihg gear, 
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being lowermost. The fine sand then falls vertically down- 
. wards through the sieve into a binf while the larger 
lumps pass onwards and fall oet at the open end. 

^ Many sieves are of doable 5e8igff,.witli the primary 



Fio. 5.—CpMntifE]>aRrNOES and Sieve. 


object qf dealing with old or floor sand. Two rectangular 
sieves, an upper and a lower^ one of coarset and finer 
fcesh respectively, separate lumps, nails, and particles of 
iron from the sand and discharge tt, while ihe find saili 
is dropped thr^ifgh the lower sieve and discharged at 
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one end. The »sieveB are set at an angle in opposite 
directions. ’’ 

Another design of sieiw is rotary in action, and poly¬ 
gonal in outline, wifti a rapping device to assist the dis-^ 
charge. Each of these designs occurs in'several modifi'.a- 
tions. . ^ 

For grinding coal for facing sands, and black§ning, a 
mill of another type is uspd; this is sometimes a revolv¬ 
ing cylinderl rotfvting with its longitudinal axis in the 
horizontaJ position, having loose 'heavy rollers inside, 



which, as the cylindsc rdvolves, remain in thejbottom by 
reason of their weight, arid crush the cpal or coke, intro¬ 
duced be'fore the mill is started through 'a ddor at the 
1 top of the cyfin^er. An improved form is one in which 
heavy ballfe are set revolving _withinja,.pan in an annular 
groove, a vertical spindle passing through the cover. The 
spindle is driven through,bevel whepls by a belt-pulley. 
There, i^ a cover of wood for the*introduction of the coal, 
ahd t^ preve»t the flyihg out of the dust. Tfie ground coal 
is taken «way through,a door in the bottism of the pan. 
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A combined typo of machine is seen in Figs. 5 and 6, 
/jomprising an edge-runner grinding "pan, and an octa¬ 
gonal sieve, the rollers of the first named being driven by 
Jihe bevel gears on the top sha'ft. The s?eve is revolved 
by a belt pulley ftom 'thi same shaft. When the rough 
lumpy san^ has been ground in the pan,.it passes down 
a shute.into the sieve. If it has been ground sufficiently 
small it falls through the mesljcs and is removed," but if 
there are lumps of jtoo large a size, th^y afe carried up 
around the top of thfe sieve, and fall down the top shute 
into Ibe pan again to undergo further q-udhing. 

Fig. 7, I’l. I, represents an electro-magnetic sepffrator 
in conjunction with a reciprocating sieve, bmilj; by the 
London Emery Works Company. The rough sanfl is fed 
into the hopper at the fop, and falls on to the magnetic 
drum which ^bstrahts and retains all the nails and other 
scraps of iron or steel present, after which the sand drbps 
into the sieve, and is thoroughly dhaken and broken by 
the rapid reciprscatipns until it is line enough to escape 
through the meshes. 



CHAPTER III 

IRON—JIETjTINO and TESTINQ 

Cast iron ovvos value as a materiiij of construction to 
the fact that it is not pure 'raetat. If it were pure, it 
would be use'iesf for the purposes to which it is now 
applibd*. Pure iron cannot bo melted <to fluidity, neither 
'.vhen cojd is it rigid nor hard, but ductile and soft by 
comparison with commercial iron. Cast iron does not 
contain, more than 93 or 94 parlis of pure metal in the 
100, the'remaining 6 or 7 consisting*'of carbon, silicon, 
phosphorus^ sulphur, and manganese," with occasional 
percentages of arsenic, titanium, and chromium. 

The element ^J;hich more than any other influences the 
physical character of cast jron b carbon, and this occurs 
‘in'allotcopic fqrins, pither as graphite or^jlunjbago, in a 
state of mechanical §,dmixture, forming gray iron; or as 
combined or dissoLvdd carbon, produciflg white iron. In 
most, if noball commerchal ifons, the carbon occjirs in both 
fc^rnis. The propoVtion of combined carbon is never more 
than a mrfe trace in the gray, white tlie white iron 
is ’almost destitjite of graphitic ca»l)on. The mottled 
varieties oScupy a position midway Ijel ween the gray and 
white, and are* to be regarded as mixtures of the two 
kinds, the Aottle being mpre pronoppced as the propor¬ 
tion of,white increases. Here,*too, the proportions o'fc 
cdmbilied and graphitic carbon become nearly equalized. 
Gray iron is the most, fluiS, but is thd weakest. White 
28 
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iron runs pasty, and is strong, but brittle: Mottled iron 
.melts very well, and is both strong an‘8 tough. 

Iron is adapted for general engineers’ work in propor- 
,tion to its amount of mottle, hS’ghly'iuotfled iron being 
correspondingl^y ^dzed b|y ioundrymen. 

There are several varieties of pig supplied by the iron¬ 
masters ranging from the No. 1 Clyde, which ft the 
grayest iron, to the forge pigs, which are white irons 
(see the Appendix),. Hence it is possible td' obtain pigs 
suited to almost any clas^ of work, being either used 
aloud, or by intermixture. In foundries w'ncre the same 
class of castings is being constantly turned out; this is 
what’is done; but in general foundries, where all kinds of 
casting* are required in gray, white, and mottled iron,jn 
all their grades, usually ihree or four kinds of pig only ate 
kcf)t in stocky and ftie numerous grades of metal required 
from day to day,«or during the same day, tyre prepafed 
by admixture of pig with scrap. 11; is in these mixtures 
that the skill of«the_practical foreman qt furnaceman is 
seen, skill which comes (fcly aQier long experience. There 
are mfln^jmoijlders who woufd nijt kngw how.'to iSix" 
metals to produce defieite, graefesj and no rules can be 
laid down for tltis work excejft IJ'Qse of a somewhat 
general ctaracter. Thus it Is ^asjn having ascertained 
the metal which Results from the mixture of certain pigs 
in certain definite proportions, to repeat the Operation as 
aften as required, since a grade of pig^of*a given br&d 
is fairly though ntjt absojutely constant in* character. 
But when scrap ig used, the quality of each separate piece 
of scrap has to be gstimated by its behaviouf under the 
sledge, and by the eye.‘The use of scrap,-if purchased 
judiciously, ajid mixed by a conJpetent man, is* more 
economical thafi that of pig, and there is •therefore 
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advantage in its employment. Every furnacenian and 
foreman should therefore learn to judge of the quality of 
scrap and pig, and the efiEoct of their intermixture. After¬ 
wards he may test tile reslilts experimentally at the testing 
machine; but he must know hl>w*to lAix, or the test.ng 
machine will record only failures. ^ 

Gray iron on being struck with a sledge fractures easily, 
and presents a highly crjjstalline structure, with a some¬ 
what dull b'luislvgray metallic luste. If very dull, the 
metal is inferior, and poor in'qualfty. 

Iron followk t,he same law of crystallization as other 
substances. The slower the rate of cosling the larger the 
erystalsj)roduced. If a newly fractured surface of gray 
iron is‘shaded by the hand, and so viewed with rtilccted 
light only, the crystals of graphite beconre visible, appear¬ 
ing as black lustrous patches amorfgst tlje iron. If a 
poHion of tlje iron is crushed and levigated, the graphite 
wilt float on the surface of the water. When the metal 
is molten it lies .quietly in the ladle, breaking into large 
striations, without sparks pi di^rbance. After standing 
awhile'it beconjes coyereJwith scum, conjposejl of scales 
of graphite which hj^ve sepaxated and floS'ted to the sur¬ 
face. When cast, it «ruds fluid, and tdkes the sharpest 
impressions of the «ouVd,'being thus adapted for the 
fipest castings. It is only moderately cpntractile. At the 
testing maiShine it breaks with a very moderate load, 
undergoing hoVeyer a considerable amount of deflectiow 
first: It c&n be tooled easily, 

If we take white iron, whether in the.form of pig or of 
scrap, and fracture it, we fi,ud that it Requires more forc§ 
tbam thfs gray to effect fracture,* but that it breaks very 
short and clean. An mspec.tion of the fractured surface 
reveals highly crystalline structure, butthe crystals are 
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long, fine, and needle-like in character, asira of a bright, 
.almost silvery-like lustre: no scales Si graphite can be 
detected. The melted metal when in the ladle, though 
jthick and somewhat viscous coAparison with gray 
iron, is in a state\)f viftleit*ebullition; boilhag, bubbling, 
and throwing off a quantity of sparks or jumpers. It does 
not run.weli except in considerable mass, and is Ifighly 
contractile. Unlike the gray jfon, it cannot be shaped 
with the chisel and,file. At the testing machine it sus¬ 
tains a greater load Defore*fracture than gray iron, but 
breaKs with less deflection. 

The mottled iron being a mixture of gray and White, 
partakes more or less of the characteristics of*ep,ch, am? 
is the^ore better adapted ^or most castings than either 
of those alone. Oonsiderkble force is required to fracture 
a good sarnie of bottled iron, and when^the broken 
surface is examined it presents that peculjar mottTed 
appearance from which it derives !ts name. The crys¬ 
tals are of the same form as those in, gray iron, but 
smaller, and the dull bluJsh lugtre of that is replaced by 
a more*Bilvery ]jue. The colour'alteyiate^ being patcly, 
the white*cont/fteting with the grapfiitic scales still pre¬ 
sent. It melts andtuns'well, is tol^ra^y quiet in the ladle, 
is moderately contractile, takgs S hi^ strain and a good 
deflection at the ipa^ine, and tools with average ease.. 

There ale several grades of gray, mottled,\nd white 
icons, and the skills)! the furnaceman j^offsists in judg¬ 
ing of the minute di^erence§i in these and utililing tBem 
accordingly. 

There is a grade gf iron oftqp found along Mth scrap, 
known as burnt iron. It is metal which, having,been 
long subjected, to an intense heal below 4he mating 
point, has* lost‘ifiuch of its met^lic character,’being 
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largely in theVondition of oxide. It is of an earthy red 
colour, and is foulad in scrap conta^ing old fire bars, 
sugar and soap pans, retorts, and furnace grates. In the 
furnace it does'not^melf freely, but becomes viscous or. 
pasty, and chokes the tuyeres aaid'-the ruel. In a furni.ce 
using much of this, the slagging hole has to be kept open 
durin'g nearly all the time of melting, and much of the 
iron mixes with and runs away to waste with the slag. 
It damages "the furnace lining, and. when poured runs 
very thick, and produces almbst white, but rotten cast- 
ingp. Burnt iron can only be properly utilized by ad- 
mixtfir# in slight proportions with good open gray pig. 
t The largest proportion of pig used for foundry pur¬ 
poses ft smelted either in Scotland from the Blaoh Baifd 
ironstone; or in the Cleveland district in the North Eld¬ 
ing of Yorkshire, from the Cleveland ironstone. Smaller 
qiftmtities come from Shropshire, Staffordshire, South 
Wales, and a few other localities. 

Pig is obtainable in five or six grades. No. 1 is the 
most gray and open, and as themumbers run up the iron 
' bbcomfes closer and mottlfed, or white. ^ • 

''Scrap .—When a furnacerpaneor forenvan has to pro¬ 
vide for a general ,rpn of work, a^ is the case in nearly 
every foundry, therivare usually two courses ppen. One 
ig to stock varioSB brands of pig and^ melt from those 
brands, siflgly or variously mixed, to suit the various 
kinds of work^on the floor. /Thus, fqr cylinders and fpy 
liners a different quality will be required from that for fire¬ 
bars or ploughshare points, or, again, for machine fram¬ 
ings or gear wheels. Though each graSe may be melted 
on. the^ame-day, in the same oupola, the different mix- 
ture^ requised will be kept apart in thq cupola. The 
iranmasiers will send pig of any given quality, suitable 
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for any cJass of work. Or, without a very large stock of 
different brands, a fumaceman who \nows his business 
can, by judicious mixing, with or without remelting as 
occasion requires, make up mdtal toVit'any job. At the 
two extremes there afe the soft open gray,<and the hard, 
close white pig. Between these there coipes every variety 
of gra^ mottled, and white. But in all foundries *a cer¬ 
tain proportion of scrap is u^ed along with the'pig for 
most classes of work.’ A furnacemaij or foreman who 
thoroughly understatids tBe mixing of scrap and pig is a 
valttable acquisition to a firm, for he cap rlbt only imerove 
the quality by sui^ mixture, but can save mucK money 
also," because scrap is often to be bought at a cheaper 
rate than pig. There is tHis further advantage, foo, that 
s?rap has been remeltetl once at least, and therefore the 
cost of such remelting—supposing, pure pig would other¬ 
wise have to be .used and rcmelted—is saved. Further, 
metal is improved by the mixing (Jf several kinds of pig 
and scrap, very.much as hammered scrap is improved by 
the piling and welding itf all kinds of bars. 

Only when | fumaceman pithnotjudge scrap well, il if 
desirablff to Aake use»chiffly off ^eciaf bran3s of pig. 
There must be»8omh scrap aHwaJs used, because the 
runners risers, the overficBv njstal, and d;he wasters 
have to be used^again in anjs found^. And there ^e 
f^w foundridB that do not use one-third or oift-half scrap 
,ip the mixing of iqptal. 

Good stooks qf^ig and^scrap should iSe Idid in tvhen 
iron i^ cheap. Much money can be sa'fed by watchihg 
the markets, and ^purchasing heavily when prices are 
low. A look-out should specially he kept {pr good 
cheap scrap. ^A competent man Should b« sent *to-s6e 
it previiJus ta‘purchase. \Vater and gas pifies‘are 
n 
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about the worst scrap, old engine work and machinery 
the best, and the older it is, almost invariably the better 
it is. The scrap should be roughly sorted out according 
to quality, and kept in separate heaps. 

The quality of pig, though subject to slight variations 
in the same consignment, is suiilcicntly well known, and 
there is little need to look at every bar as it is broken. 
Not so with scrap. Every piece of this must be judged on 
its own merits. This is a rather tedious piocess, and 
there is only one way in whidh it can be done, and that 
is by the character of the fracture. The opinion is foimed 
partly by the amount of work it takes to break a given 
piece, which is a measure of its strength and toughness; 
and partly by the appearance of the fractured surface, by 
which the nature of the iron is apparent. The broad ap¬ 
pearances of gray, mottled, and white irons are familiar 
to most; the furnaceman’s skill lies in judging of minute 
variations in these broad differences. As a rule, the 
rougher and more uneven and exfoliated the aspect of the 
fracture, and the more metallic .‘.be lustre, the stronger is 
“the irolj. If a mass of iron jias draws in it, that will in- 
dicaftf tiiat the'iron was of a strpng natu’o, bu,, was not 
properly fed. If an ji’on breaks off short, and is dull in 
appearanca, and thqjCrystals open, it is weak and poor. 
Gray weak iron can be made stronger by the addition of 
white or’nffottled; and mottled can be" brought backdio 
gi%,y by the addition of open No. 1 Scotch pig, or stove 
scrap. W«ak !ro*n can be strengthened by once or twice 
re-jnelting. T.e!st bars afford a valuafile aid in estimating 
the quality«ot a mixture that is required for very specific 
putposes, and by their aid the fgreman is enabled to keep 
a-constant cjjeck on his experimental mixtures. 

Kep^ted re-melting of gray iron te«^s to»increased 
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strength, at the sacrifice of toughness and elasticity; the 
re-melted metal approaching to tfle white condition. 
Ilcnce, after two or three rtk-moltings, more open pig 
should be added to pres^erve tlfe tou|^iness of the metal. 

It is by admixture therefore that nearlylall the grades 
of cast iron I'or foundry service can bg obtained. The 
differejice in the qualities of these mixtures is,'as we 
have .stated, due largely to tj)e amount and mitnner ol 
occurrence of carbon. In reference to Jhe remaining con¬ 
stituents of eominttcial pig, and the question of their 
relfttive intluenccs upon the metal, it yilfbe sufficient to 
note very briefly* the leading facts which the* founder 
shoflld know in relation to those, and thei» pass on to 
the tgsts applied to cast work. * . 

* Silicon is OIK) of tTic most valuable demerits foupd 
associated with dlst iron. Formerly it was regarded as 
an enemy, iiroducing brittle and poor me|al. NowJ bj 
mixing t-ertain proportions of silicon with white iron, il 
is converted into gray, the silicon tiny wing out*carbor 
from the combined to the grajihitic condition. 

PImphorusifi always presefit inyig,and doesiohffnf 
so long'as itVloes not» exceed (J'5^ or 0-75 pe^SSil!; i 
higher proportion te&ds to brittlei:^fss. Phosphorus how 
ever rentiers iron fluid, and’tbig.is an advantage foi 
small castings, bul; at the 8a,me time it renders th|n 
hard. • “ * 

, Siilplnir in siq^ll quantity produces* mottled ifon 
separating carhop-as graphite, but in excess tt causes thi 
iron tp become white. 

Manpanese is’undesirable, producing a weak and whiti 
* iron. 

Aluminium .—It has long be^n knowa that ’a .ver 
small parcent»ge of aluminium, so little indeed as 'Oi pe: 
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cent., suffices to render molten wrought iron very fluid, 
and to prevent blow holes in steel castings. It is equally 
boncticial in cast iron. 

It causes iron at the infant o^ solidifying to throw out 
a portion of ita combined carbon into the graphitic con- 
' dition, producing gray iron. The formation of the gra¬ 
phite IS also so uniform that the thin portions .of the 
castings' are as gray as the thicker portions. In this 
respect it reseniblps silicon. Since the aluminium sets 
free the carbon at the instant of sdlidilication there is 
less tendency to chill, which result is caused by the run¬ 
ning of inetal against a cold surface, at.d the consequent 
ifiiprisonment of combined carbon before it has time to 
separate us graphite. '. 

cWhcn .aluminium causes the separation of the carbon 
at the instant of solidification, the scales of^graphite at 
the*^ surface .of the casting act similarly to blackening, 
protecting the surface from becoming sand-burnt, and 
therefore producing a softer skin for cutting tools. 

The presence of alumi.nium,*' by making the grain 
closer afid finer,,gives, greater elasticity, apd reduces the 
permanent set. , 

The shrinkage of i»bn is lessened'by tHe use of alumin- 
•ium. This might natsralty be expected, knowvig, as we 
dcs that gray irofi is le& contractile,than white. It 
is a distindf advantage, as lessening shrinkage strains 
«on disproportiohaje castings. ' - . 

Testing .—It is at the testing, machi^A that the precise 
value of any mixture of metal made is g,ecertained, and 
no foundry of any pretensions can a^ord to be without 
sudh an instrument. Testing, inHhe hands of such men 
as‘Pro{e.ssorB*Unwin or Thujston, has become a scientific 
woiTf, in' comparison wifh which that ol 4he foundry is 
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rough and approximate only. But Jhis is nevertheless 
sufficiently accurate and adequate for its purqjose. 

The common method of testing is to fast bars having 
a cross section of 2 in. l,in., and a dength of 3 ft. 2 in. 
These are plajecf upon supports 3 ft. apart,^he 2 in. tieing 
in the veutical direction, and loaded until they fracture. 
Fracture in a good bar should not take place with a less 
load than 30 cwt., in, exceptional instances it ’goes as 
high as 33 or 35*cwt.; 26 to 28 cwU would indicate a 
poor bar. The amount of deflection is^also noted, as 
being a measure of the elasticity of the metal. Jt should 
not be less than % in., and will in good bars be as high 
as I in. The behaviour. of bars cast froih the sarite 
lj.dlefi<l of metal in tjje same set of moulds will often 
be found to vaVj^ fracture variously occufring^within* a 
range of 2^r 3 cwts.; hence it is the psactice to cast* 
several bars fo# testing, and talje the average of the 
whole. Test bars should be cast from the same, metal. 


under the same ccmditions of meltings as the work for 
which they afford the liest, |nd should be staipped,oj; 
labellfd^withrtho date, and al^ partici*lars of 

service. The.^shouk^lJfe cast in the same manner as the 
work for the strength of which tTieymre to be the index, in 
dry sandef the wor|f is in dry sandi’in green ‘sand if that' 
is in green. ^Tha relative strength of the bars js affected 
by difference in dimensions, a bar of smalt area btjng 
relatively stronger than one of largei; ^ea,^the reason • 
being that the chiiling effect of the sand haixlens the 
outer skin, ani so raises slightly its te’nsile strength. 
.That which is oftea now regarded as the standard bar is 


1 in. square and 1 ft. lohg. This sustains 'aboulren^fon 
before fracture. Bounds weight on this bar’divided by 84 

give hun^redwBights on the 36 in. + 2 in. +1 in.!bar; and 

• * . • 
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hundredweights on the latter multiplied by 84 give 
pounds on the former. 

Tcslmj machine .—A niachino designed for mailing 
tensile, and also transverse tefta^on east-iron specimens, , 
is iirustratcd'oy Figs. 8 and !), being manufnetured by 
Messrs. W. and T. Avery, Limited, of Birming'.iam. The 
construction comprises a cast-iron bed-plate, wiHi dogs 
having blunt knifo-edgest' these dogs being adjusted 
along to graduations on the base, *cither at 12 in., 
24 in., or 3fi in. between centres. The base carries a 
cast-iron standarcl, fitted with hardened steel bearing 
blocks, upon which the fulcra knife-edges of the steel¬ 
yard rest. The wrought-iron steelyard is provided with 
knife-edges of hardened steel, and is graduated up to 
the full eapacity by 28 lb. divisions. It 'is lltttid with a 
.sliding poise J)y means of which it is kept in seiuilibrium, 
and the strain indicated. The poise is moved along by 
turning a small wheel on its front. The strain is put on 
by turning the hand-wheel at the top, rotating the screw, 
and actuating the stirrnpythat carries the blunt knife- 
edgf which exerts thoi strain'on the .specinten. ^ spring 
buffer is fitted in the,steelyard chrrier in order to min¬ 
imize the shock whenethe specimen breasts. A graduated 
•deflection scale is prc«4de^, fcy mean^ of which <the vary¬ 
ing deflections of a specimen under diff»ren| strains can 
be ascertained during the test. Two series of gradua- 
»tions are placed op, one decira'ally by in. divisions ujJ 
to 1 m., anti the other by in. divisions up to 1 in. 

Tensile specitoens I in. in diameter cap be held in the 
hardened steel grip wedges^ for whiclasize the capacity 
of 'GO cwt. all’ows for iron that "will stand 15 tons per 
sqiiare’ipch, %hile bars of ‘i in. by 1 in. section or less 
can he dealt with on the transverse testirf^ dogs. 
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Testing in the hands of an experienced foundrymaii, 
reveals a great dekl. For he not only notes breaking 
strength and deflection, bijt also the aspect of the frac¬ 
tured surfaces. ' Ile'ohscrV’es the extent of mottle or of 
graphite, the ^ull or lustrous' appearance, homogeneity 
of texture or the opposite condition, the tendency to 
undue* hardness or softness, whereby he learns how to 
make changes in his mixtures in order to insure the 
predominance of certain qualities wlpch he desires to 
obtain. The iron for nine-tenths of the castings made 
is put togethei in this way. Still, the test bar tells 
little of 'real value to one who is not, acquainted with 
foundry work, and it might tell a good deal more to the 
latter if'iised under a bettor method. , 

There are other incongruities ‘in the. commonly ad- 
cepted tests of bars which strike one as rather curious. 
'’There are a*few impact tests made in England. The 
value of impact tests’is not so great as in the case of 
rails, bbeause cast iron is distrusted for li,ve loads, unless 
1 the mass of metal is so enormously in excess of that re¬ 
quired' fpr strength as to hbsorb all injurious vibration. 
'Yet*'Bjiite' most* ironwofk isjialjle to mt're od less of 
shock, the impact te^ should be df even greater value 
than a purely tensile.^stf on a cross breaking test. 

There is anothenserious'drawhack inherent in foundry 
tests, and'ib is this: Little attempt is madff tio*measurt) 
thedshrinkage of iron by means of te^ bars. Yet many, 
a casting i» brokelh in consequence of igxcessive and un¬ 
equal! shrinkages. Much of th*is coulJ be avoided by the 
use of iron Selected with suitable reference to the nature 
of tlje casting.. To a large extent,thi8 is done in practice 
by- the* obseryation of‘the open or close nature of the 
fractured. surfaces of test‘bars, or of• pig aftd scrap 
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selected for making up the cast. Bijt this is not an 
exact method, such as would be afforded by the meas¬ 
urement of a test bar. Some testing machines embody 
provision for the precise m^asuremeiit- of the shrinkage 
of test bars. T^c general adoption of this nfethod wohld 
go far to Igssen the internal stresses winch frequently 
exist in castings, and which are a source of weakness, 
resulting often in serioug dange*. ^ 

Further, since such great emphasis ^ laid by metal- 
Im'gists upon the influence, injurious or otherwise, of the 
presence of small percentages of foreign etements upon 
cast iron, a very distinct advance has been made in this 
direction by Mr. Keep, of.Detroit, a brief efccqunt of* 
.whose Hfethods follow. Not by analysis, but through 
physical results, can the founder learn best how to grade 
his .Irons for Jheir specific and varied pnrposqp. 

The methods of testing adopted by Mr. Keep may be 
briefly summarized as follows; 

Though based mn pheraistry, they can. bo applied by 
anyone who has no knowledge of chemical reactiqns oj; 
of anal/sis. Th# basis of the systenkis th^ powejjgJjjgh 
silicon possessei^of causing carbon is iron to pass during 
cooling from the combined into {lie ‘graphitic condition. 
So that, gwen an irjn with ‘a suiMent perdentage of 
total carbon, it is, possible to so vary the quantities of 
silicon added *as to produce irons in which tfife relative 
proportions of combined anU graphitic pafbon shall be 
graded to suit anyVl®'Sses.of foundry work. Mainly, 
Mr. Keep makes J;he shrinkage of the iroh the crucial 
test. If equal shrinJxages can.be produced in different 
mixtures of iron, then efcch mixture will have simil&r 
qualities as ragards strengt^), hardness, db softness. 
Moderate variatidhs in the proportions of manganese. 
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sulphur, and phosphorus are of little or no practical 
consequence, provided the combined and graphitic car¬ 
bons are suitably proportioned, and this is evidenced by 
the shrinkage. \^heu silicon ,’s added it changes coiur 
bined carboii into graphite, and" the casting occupies a 
larger volume, than it would previously haye had. All 
the founder has to do is to be sure that there is.sufficient 
combihed carbon for the .''.ilicon to act upon, and through. 
Silicon alone wquld increase shrinkage and harden iron, 
but when acting through carbon it produces an exactly 
contrary effect. , 

Making the crucial test one of shrinkage is one which 
“is consonant with experience. Since hard white iron 
shrinks more than soft gray iron, and since the former 
.contains its carbon mainly in ithe combined form, and 
the latter mainly in the graphitic form, a jiard iron'can 
b?! change,d into a soft one by causing the carbon to 
separate out as graphite. Silicon effects this change, 
and therefore indirectly silicon added to hard white iron 
makes it soft and gray and diifiinishes its shrinkage. If, 
furthav, unifofmity.of shrinkage and haydness is''secured 
iiMeveral different jrons by. the'additiorf^of variable pro¬ 
portions of silicon^the* irons will be 'all equally graded 
for foundry purpose*. I'hfe larger the mass ip a casting, 
pther condition^ remaifling the sanqp, the less silicon 
will be rdijuired, because the cooling is slbv?6r, and "the 
carbon has rJore time to separate c*it as graphite. The 
more caAon’present, the less silijqp will be required, 
because the •presence of plenty of carbon is fajirourable 
to the separation of grapjiite. 

• Jt not, however, that a certain percentage of silicon 
Is- nhcessary to prcfduce^a bar or casting of definite 
stteug'th. It is its influence relatively* to the* mass, and 
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not the exact proportion of silicon relatively to chemical 
composition, which is the essential criiv of these methods. 
Irons of exactly the same cheutjc.il composition poured 
from the same la,dle wilhuipt produce "bars of precisely 
the same strenprth. ihit the shrinkage of a caktiiig, which 
can be coiiitrollod by silicon, can be measured, and the 
.shriiikatje determines the degree of crystallization, close¬ 
ness and uniformity of grain Slid texture, ,and tficrein 
lies its value. The necessj,ry amount <to be added de- 
pend§ not only on the percentage quantity of carbon 
(irosent, but also, and much more, upon the mass,^of the 
casting. The addifion of silicon retards cooling gener¬ 
ally, producing the separation of graphite, and dituinishos* 
shsinkage. The throwiiyg out of graphite from combined 
carbon removes byttlcness. If shrinkage js too great? 
increase tlie»silicon, and riir rersa. In smajl bars and 
castings the silicon must be high (u;i to 3 pcr»cent.), and 
in large bars and castings it must be low. The rpason 
lies ill the diffSrenco in shrinkage. A» small casting 
shrinks quickly, and thereforg needs more siliqoji tji ^ 
throw ou^ the^ombinod carbon,at» graphite. laig e 
ca.sting shrinks slowly,a^d Wierefor# requires less silicon 
to effect the separation of grajdiite. »Without the silicon 
it is possihle, and w^uld in fact ocAfr in extrfime cases, 
tli^t from jjig same metal a small casting may be white* 
one of average dimensions mottled, and a very large one 
iif the main gray. 

The details of tih» tests arc these: Bara are cast'be- 
tween chills or yokes in order first to ensure absolute 
uniformity in length, and to»get a chill on the ends. 
The bars are of two sizes,*12 x J x I m., and 12x1 
The thin bar ie used for fluidity test, because none bul 
very fluid and*h*ot iron will run the whole length of 
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the bar. The ej^perienee of the moulder soon enables 
him to judge of the behaviour of metal of a given quality 
in castings of different'dimensions, made from metal 
which gives certain results ju (i test bar. And in order 
to furnish already means of comparison,between bars of 
different dimensions Mr. Keep has constructed an ideal 
chart for ready reference. 

Great care is taken tt ensure uniform results in the 
testing, metal ]wtterna being used “on a bottom board, 
and no rapping or touching up of the mould is done. 
Tile length between the end faces is 12i| in. There are 
four points noted—the amount of shi inkage of the bar, 
the stren'^th under dead load and under impact, the 
depth of chill, and the aspect of the fractured ^urfafes. 
'The dead load and impact tests are conducted in auto¬ 
graphic recording machines. The depth of/ihill is ascer¬ 
tained by fracturin" a bit out of the bar next the end. 
The ^chill will run from ,V to -1 in. inwards, according 
to quality, and. is an important element in judging the 
suitability of an iron for a given purpose. At the same 
tijnej^e asj^^ct of the unehilled fraet-ured ^surface is 
indicative of the open or claie rfature of ^lie iron. 

Chillinfi. —Whenwron is poured info metallic moulds 
instead of into thostf of sand, the rpsult is that the sur¬ 
face of the casting so poured becomes of a steely char¬ 
acter, so Extremely hard that no cutting tool will attack 
it, and morq flurable, more capable of resisting the 
action of friction, than steel itself**!! is believed that 
this chilling, *as it is called, takes plage in consequence 
of the combined carbon in the iron, not having time to 
separate out as graphite. Pftor irons will not chill 
deeply. To* produce chilling of ^ in. or f in. in depth, the 
metal niust be tough, strong, and mottle. A strong iron 
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is also necessary, because there is tremendous stress in a 
chilled casting, owing to the inequality in the shrinkage 
strains in the contiguous portiops, which are rapidly, or 
slowly cooled. 

The iron for chilling should not be poured very hot, 
but dull, it will'then lay more quietly in the mould. The 
chill shqjal^ also be heated in the stove to so hi^i a 
temperature that it cannot be /;ouched with the hands. 
To pour metal into » cold chill is always^dangerous. The 
surface of the chill is protected with a coat of black 
wash‘or other refractory material. In nd case should 
the metal be allo^»ed to heat long against a localized 
spot, as burning of the chill and partial fusion of the- 
same to. the molten metal is certain to ensue. Tlie ma§s 
of tnctal in a chill shofild be large. The chill should, 
always be much hdttvier than the casting which has to 
be poured into it; without sufficient mass, fracture is 
almost certain to occur. 

Pf.rmanait moulds—The experience now being gained 
with permanent moulds (M metal promises economies in 
some classes of coastings. If the°Tamtpingof a fresh sand 
mould for %verj%casting iouljj belibandoned in*cJrtaih 
kinds of repetitive wo!k, a greSt y^sta of cost-saving 
would be ip sight. It has long b^ done in chilled 
castings ; but, the chilling effeci^of a metal mould mus^ 
be ^voided*(irthe general run of castings, sudJi 'as it is 
degirable to produqp in permanent moulds, and thi's 
tendency to chill is^the principal difficulty me’t with* in 
casting jn these moulds. The remedy is- to get the 
casting out before chill has formed. The time to be 
allowed lies within extremely narrow limits for ajjj o»e 
shape or mass of casting, but it Varies with diffidrent’ 
shapes and* sizes,‘The chemical composition of thfe iron 
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has also some influence. The differeneo between tlie 
chemical compoSition of deep-chilling, and practically 
non-chilling irons is vit^l, whether the grading is done by 
fracture or b^ anilysisf But Jibe non-chilling irons will 
be hardened on the surface *if allowed'to cool in a metal 
mould, and tljis hardening must be prevented. 

Obstings left to cool and chill in a metal mo,uld have 
all fheir carbon in the f^irm of hard, noedle-like crystals, 
provided ffiways that the silicon is low. If the same 
castings are tafren out as ^on ais the exterior has set, 
the carbon Vilj distribute itself in the graphitic? form 
throu|;hout the mass. This is the feason why castings 
are removed from permanent moulds immediately they 
have Bet, and while still at a bright yellow or orange tint. 
An interesting fact is that a larj;e content of phosphdrus 
and sulphuf, sufficient to weaken a casting made in green 
sand, has no such result in castings poureef in permanent 
moulds. • 

Attempts have been made, but wit^ little success, to 
coat the interior of the metfcl nioulds when cold with 
Various substances to jtruvent chill—pulverized talc, or 
eWR^'mixed with gasolene pr kerosene, find dried. 
AVhon moulds are hot? heavy oils or paraffin have been 
used. But in the.Jataiat •practice no coatings are em- 
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F, which is about a couple of feet above the charging 
platform, I. The blast necessary for combustion is 
brought in at the two tuyere pipes, G, Cr, Jfrom the blast 
^main, JI, which is propeijlyjilaced befew the ground, as 
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Fio. 11. —Cupola. Sections. 


shown. The metal is,tapped.out at the hole, J, (I’ig. II), 
the spout of which, K, is usually broughl‘through the 
foundry wall, outsidj of which, the cupola is properly 
placed. L is the door clssing the breast htde, theough 
which the fire .is lit, which ij closed just previous to* 
the turning on the blast, and through which t£ie 
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embers arc raked after the casting is done. Above the 
breast hole is tl'fo slag hole, M, placed just below the 
level of the tuyere openings. Through this the slag 
is tapped out Ut iriiervals during the process of 
malting. - ’ ' *■ 

Charfitn:!. —The method of charging is as follows. First 
of all, the interior up to the height of the tuyere holes 
is lih«d for a thickness pf -J in. or 1 in. with tire-clay, or 
with loamy’ sand. The tap hole, J, .is lined by ramming 
sand and tire-clay around a'pointed bar inserted in the 
opening in the bricks. A fire is lit in the bottom, and a 
bed charge, E, of coke is laid upon this. Then follows a 
charge of iron and flux, and again a layer of coke, and 
so on’ alternately, as seen in Fig. 10. This is done two 
or three hours before the bladt is put on, and in the 
meantime the various openings intoHhe cupola remain- 
Jhg open, the fuel burns up quietly, and everything be¬ 
comes warmed equably throughout. When the time 
arrives for the melting down of the metal, the breast¬ 
plate, L, is lined with sand, 'Und wedgesd in place, the 
t uyere pipes, G, the bends of which arc made to swivel, are 
p'w'ihtS position and!utedyrith-clay, anfl the Cap hole,/, 
being open, a genyi lAast is put' on for five or ten min¬ 
utes. This has thft effect of hardening thereby in the 
jtap hole. The biast is ttien stopped, the tap hole closed 
with clay by means of the bot-stiek, and^ftre full blast 
pressure is {mt on. In from ten t(^ fifteen minutes fhe 
metal bdfeins'to run down, and presently, when the fur- 
naceman observes through the mica sight holes, H', H', 
of the tuyeres that the ^metal is ^etfing nearly to the 
iavel pf the-tuyere openings, h^ taps out a quantity into 
‘a laHle. This is dorft by driving the pointed end of the 
bbt-sfi«k through the hard-baked clay, giving the stick 
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a’rotary motion with his hands, to enlarge the hole. The 
metal then runs down the shoot, K, in a steady stream, 
and when the ladle is nearly fijled, the tap hole is closed 
with a daub of clay hel^ on tlft flatfpmf of a hot-stick, 
the stick being iTcld diagonally downwards towards' the 
hole at first, and then lowered sharply jintil the axis of 
the sti(;k is in line with the hole so closing it up* with¬ 
out risk of spluttering of the ijon. 

As tlie metal runs down, additional ^quaiTtities of iron, 
fuel,' and flux are charged ^n at the door, F. Slag forms 
in (jViantity, and this has to bo tapped out at intervals 
through the slagging hole, M. The slagging wilf haveto 
be repeated more or less often according to Hie inferioi^ 
or superior class of the metal. As long as slag continues 
t(? run, the hole should be left open. If very iqferior or 
burnt iron is befhg melted the slag may^be running 
nearly all tFie while. The economy of cupol^ practice* is 
largely dejiendent on keeping the ‘surface of the metal 
free from blag. 

Charges of metal of dtfforent kinds are melted in the 
cupola at the ^'••ame time, by’interposin^ betweon each 
charge sf stralVm of coke rather Tilycker than fliose^sed 
in the ordinary work* of meltiiffe. •J’he charge which is 
lowermos^is then tapped out; a* tl» charge above begins 
to melt, and the furnaceman iifable tifsee the beginnigg 
Of the meMlg of an upper charge at the sight Bnfes, 

, Large quantities of metal are tapped (Jut in detail, a 
ton or a couple of tons at a time, untif sufficient has 
accumulated in the ladle. Metal in the ladle will retain 
its heat for a very long time if radiation is prevented by 
sprinkling the surface wth the blowings from a^mith’s 
forge, and b^ allowing the oxid^ and scum to .remain 
thereon. ’ 
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When the melting down is done, the whole of the fur¬ 
nace contents are raked out through the breast hole, or, 
if the cupola is of the drop bottom type, like Fig. 12, 
p. 55, by droppmg.'iihe bottom. Under no circumstances 
can' the metal and fuel remain safely in a cupola long 
after the blast js shut off, since, if it sets, the mass will 
bung kp or gob up the furnace, forming a sahmaiu'er, and 
the furnace lining may probably be destroyed in the re¬ 
moval of the obstruction. 

Economical mciling .— The proper melting of metal is a 
task requiring a„good deal of e.vperience and caution. 
Econonfiical melting is an excellent thing, but there are 
other points which have to be regarded besides the state¬ 
ment oh paper that a ton of metal has been melted with 
a certain percentage of fuel. Iroir may be molted so dull 
that poor, if not waster castings result,"when a little mOre 
fuel would ^ave dead-melted it thoroughly, producing 
good, sound, homogeneous castings. Then the size of the 
cupola, and the amount of work being .done, has to bo 
taken into account. A small cnjwla is more wasteful in 
ffi el^ fh^ n a lar^e one. A‘ cupola running two oi’ three 
hoftsTRciiy is more W£i:stefu\ thj.n one rfinning all the 
day. Inferior iron ij mOre wasteful of ffuel than iron of 
superior quality. Hgpee general porportions cgily can be 
^ven for percenttages of‘fuel. The to^tal percentage of 
fuel to ir6» melted may range economically 1-^ cwlE. 
to'-S cwt. per^ton, according to cirfumstances. Total 
percentagft includes the fuel used jij the bed charge. 
This always beftrs a large proportion*to the total amount 
used, hence the reason why short mfltings are so much 
more costly than lengthy casts. For a cupola like Fig. 10, 
4»ft. diameter, a bed eharge, E, of 10V cwt- is used; for 
a similar.cupola, 2 ft. 4 in.‘in diameter,** bed tharse of 
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6 cwt. is used. But the bed charge wijl equal about one 
halt the quantity of coke required for a “ blow ” of 
moderate length, say of from two or throve hours. 

The succession of ch^f^s in the oupolas of the two 
sizes above-name^ is as follows: 4 ft. cupola’: bed charge 
10.1 cwt.; jeach charge of iron 21 cwt.t separated by 
21 cwt. of coke; J cwt. of limestone (ilux) in bed charge, 
and seven or eight pounds on teach subsequent charge. 
2 ft. 4 in. cupola; % cwt. bed charge, ea^;!) charge of iron 
14 cwt., 1.1 cwt. of cote in each subsequent charge. The 
first cupola will melt four tons per hourfthe second from 
two and half to three tons per hour. But in the first 
cupola, with heavy casts, twelve tons can be nfeltpd with* 
twenty^fivo cwt. of coke^ including bed charges. 

in cupolas such as these, doing jobbing, work, using 
difibrent ini^^fures of iron, making many light casts, and 
running from two to four hours per day, the.conditions 
for economy of fuel do not exist, and as much as twg cwt. 
of fuel per ton of* me|al melted will not he an unreason¬ 
able proportion. Where‘contrary conditions exiqt, thg 
proporHons mai be less by nearly^one half. 

The chemicffl conditfbns* which* govern economical 
working are those*which relate to th# purity of the fuel, 
and to the complete utilization of tfc« jroduefs of com¬ 
bustion. The cok^ should be t!ie beat and pur.est pro* 
curable, fre‘?Trom sulphur, hard, columnar, heavy, having 
metallic lustre, and*clean. The height qf ,a cupola, the 
position and numbgf,of tuyqres, the density of the blast, 
all vitally influence the ultimate results. Height is ne¬ 
cessary, because withput it larg 0 .quantities of combustible 
gas would escape unburn# and become lost. 

Combustion.-rThe process o4comt)ustion is'as fcJlows: 
Air, under pressure, entering the cupola throiJgh the 
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tuyeres, meets wit^ the heated fuel. The oxygen in the air 
combines with the iucande.s(.'ont carbon in the fuel, form¬ 
ing carbonic aphydride.^^COa, a gas which will not burn. 
This gas takes up more carbon, ibeconiing carbonic oxide, 
CO, equivalent to Cj 0^, which is combustible. If, however, 
this ^as does not meet with sufficient free o'-ygen at a 
high temperature, it cannot burn, but will ])a 33 away, 
representing a certain number of heat units wasted. But 
if it meets with a sufficiency of heated oxygen higher up 
in the furnace, it burns, giving out heat available for 
combustion. Hence the reason why the taller cupolas 
are more economical than the lower ohes. Flame at, and 
"above, the' charging door represents heat lost, as far as 
useful work is concerned. Hence also the reason why 
two or three rows of tuyeres, to supply the zones of oxygen 
necessary fpr combustion, have been adopted in nearly 
all cupolas.which have been designed to supersede the 
older, forms, a mode of construction which is therefore 
seen to be quite correct in principle,. 

, , The perfect combustion of ^carbon to CCb evolves 
I'yHJ^ritislirtherinal units per poundrf)f fuel. 'If only 
partially burned to GO, only 4,^15 British thermal units 
are developed fron* ea^ pound of carbon. A pound of 
carbon requires 1.86 lb. of oxygep in burning to CO, 
tnd 2.G6 lb. in burning to COj. If thq air supply is in- 
8jifficient,'the first oxide only is formed, and hardly a 
third of the j,ieftt possible ife obtained. In other words, 
more than two thirds of thq possil^lliheat units are lost 
at the top of \he cupola. 

Even in the highest melting ratic* which are obtained 
in'praetice the waste is exeessife by comparison with the 
theoretical “values. Slven^ though the gases are burnt 
almost thoroughly thei’c is much loss ofdieat in warming 
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up the inert nitrogen, in warming the blast, in radiation 
of heat, and unavoidable heat losses ni the iron and in 
the chimney. i.ctually a ratio of 10 to 1 
is very gyod; 8*to 1 i^ good; (5 or 7 to 1 
ripresfiuts satisfactory practice. 

’ 2'lie rapid cupula. —Tli^ embodiment 
of this principle is illustrated bj the 
Rapid cupola, J[)y Thwaites Bros.^*Ltd., 
shown Cy Figs. 12 and 13. In this there 
are three zones of tuyeres enclosed by 
an air belt, and each zqpe’of tuyeres can 
be* opened and closed independently of 
the others by means of shut«off valves* 
The air belt, the zones of tuyerbs, apd 
the boslies or sloping sides, are, Ijowevei; 
of* older date than this particular ex¬ 
ample. Ireland’s cupolas, much used* a 
few years since, were very tall, and were 
provided with boshes or sloping sides 
similarly to blast furnaces, by which the 




Fig. 12.—The “ Rjffin ” 
■ Cupola. 


Pig. 18.—-Plan of Cupola 
THEOU dn TuTEBBS. 


weight of the charge wias sustained. They, or jjt least 
the earlier oi\es, had two rows of *tuyere8, Imt the’upper 
row was abandsned in later structures. Voison’s‘cupolas 
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were made also with air belts and with two rows of 
tuyeres. Numbefa of common cupolas, both in this 
country and in Americg,, have the same arrangement. 
Cupolas have beerfmad^ with ijliifting tuyeres, so that in^ 
the absence of an air belt the? tuyCre pipes can be 
moved to the zone above or below as required. 

The other features of the cupola are, a brtpk-lined 
receiver for the melted njntal, by which means the heat 
is retained find oxidation prevented, while the blast pres¬ 
sure maintains *its surface in agitation, conducing to 
proper mi.xtni'e and homogeneity. The waste heat there¬ 
from is also utilized by passing up a <ganister-lined pipe 
Jnto the cupola, entering just above the air belt.' The 
escape' of the waste gases is regulated by a flap., door at 
the side of the hooded top. ' 

The efficiency of this cupola ranks high, and it has 
gh/on muefi satisfaction where it has been erected. In 
blows of ordinary lerigth it is capable of melting one ton 
of irdn with from one, to one and a quarter hundred¬ 
weight of coke.' Particulars oftdimensions are given in 
' the A'jtpendix. ^ ‘ ^ « 

ThB^ofmarkable sifficess of tthe airVjelt (lesign of 
cupola is due to the jJiorOnghness fvith which theory has 
been translated in^ pituckice. It is based op the fact 
that there is no free oxygen above‘the tuyeres. Hence 
w*hen the .’blast enters, its oxygen combiriBff-with tHe 
caSrbon in the fuel to form.COj. Ifhis, in its ascent 
through the c6k^, unites with another atom of carbon, 
forming GO. This again demands oxygen for its con¬ 
version into CO 2 , with development^ of intense heat of 
coiqbustion. . 

.In oflier words, the Vjonversion of as much as possible 
of the carbon in the fuel uito CO... within thd melting 
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zone is the object sought in order to develop all the 
heat units possible. The arrangement of supplementary 
tuyeres, of which there are usually half a dozen, sup¬ 
plies air in small volumCiS to thd CO farmed in the melt¬ 
ing zone. '■ * ' 

Tuyeres.—In arranging rows of tuyereii, diffusion and 
not conjeniration of blast must be accomplished, afid to 
secure this the openings shoujd not be arranged per¬ 
pendicularly, nor be very far apart vertically. If they 

a * 



supply a ijniform and sufficient quantity of eir to the 
melting zone, which can be judged by the working of thj 
cifpola in eetShomy of time and in hot metal, ttiough not 
necessarily in fuel .consumption, their re^ efficiency is 
demonstrated. 

The Newten cupola, fig. 14, made by the Northern 
Engineering WorkB,pf Detroit, ]^ich.,ha8 its lower tuyeres 
fitted with a differential device, the object of whicjj is«to 
send a portion^of the blast ri^ht to*the centre, while the 
larger voffime i^ diffused more softly about the other 
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parts of the cupqla. The tuyeres are of the enlarged 
form, giving nearly a continuous circle of blast; but near 
the centre of each, two plates are set to converge, en¬ 
closing the shape of a truncate*" cone through which the 
blast, being contracted, is forced' to t'he centre of the 
cupola. The remainder of the blast is disused more 
softly to right and left. • 

Fig.' 15 is a plan of the tuyere arrangements of the 
Whiting cupola,, with a section through the wind-box. 



This shows in half ]}lan*^the npper'and the lower tuyeres, 
alternated or staggered'in" relation^ to each o|her. They 
|re flared, being 'nearly double the wi^th of opening at 
the inside^han where they meet the belt. Tile positibn 
ot the upper* row is fixed, but the, lower row may be 
adjusted to cfi&rent heights. And*,when desired, the 
upper row maj be closed with dampers if the amount of 
blast has to be lessened., , 

■ Melting ratio. —Various misaellaneous arrangements 
of-relatively minor inf^ortance contribute Jo the economy 
or durability, or facilitate the workings of the cupola. 
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The ultimate object is to melt as muchjuelal as possible 
with the smallest expenditure of fuel, consistently, of 
course, with thorough moltiug» A certain quantity of 
jnetal, say a ton, is meltosl by so many hundredweights 
of coke, say two, t’liree,'or four. The first divided by the 
last gives tjje “ melting ratio,” a quantity»around which 
foundry 4nanagers are in rivalry, and concerning which 
no statement can be made whieh shall be of mord than 
very general application. 

The melting ratio 'must obviously be variable within 
wide limits, because it is under the control of so inaAy 
conditions. Hence'comi)arisons and statements can be 
of real value only if they are made under idehtical cir¬ 
cumstances. Sometimes the ratio is stated without in- 
eluding the amount of coke in the bed charge, wliich, it 
included inj;he case of a melting of short duration, 
might reduce the ratio by nearly or juite oiie,half. In*a 
prolonged melting, running down a large quantity of 
metal, the bed charge will form but an insignificant pro¬ 
portion to tne whole. ^ 

Agaift, in casting light work, the. met%l must ceces- 
sarily be fiottei^ that is,' more thwughly mefled, than 
for very massive Wk, and tliis requires a larger propor¬ 
tion of fact; besides, a pure clean ]»g and scrap will re¬ 
quire less fuel to, melt thoroughly thSn a lot of dirty 
inferior scrap, with much slag, will want. **But even 
observing these difference®, and including the bed 
charge, in all comjfarisons .there is much difference in 
cupola performances, greatly to the disadvantage of the 
older types. 

Drop bottom ,—The hifiged drop bottom; though not 
in any way related to the efficiency*of a cupdta, is. much 
to be preferred itb the older solid, bottom. The hinged 
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door, on being released by a latch, allows all the con¬ 
tents to fall out at once. With a solid bottom they have 
to be raked out at the side, an operation which occupies 
ten or fifteen minutes, and ig vory hot work. It is noces-, 
sary also to melt all the superfluous metal in order to 
run it out from a solid bottom, while it qan be dis¬ 
charged from a drop bottom nnmelted or partly melted, 
along with the partly buent coke and slag. If water is 
thrown over it, jhe constituents can be separated and 
used again next day. 

Blast .—The i-fopor pressure of blast is a mrtter of 
great importance. A soft blast will dot melt the metal 
’quickly nor thoroughly, and will cause wasteful ex¬ 
penditure of fuel. A sharp blast will blow away the fuel 
before .perfect combustion ensues. Cupolas of large 
capacity bgve boon made elliptical in plap instead of 
circular, tq enable the blast to penetrate better to the 
interior. 

It is difficult.to put in figures any ruves for the blast 
pressure of cupolas, since it no means follows that 
' tne pressure iT\ a cupola is the same as that in the blast 
pipes;*it*is really lese—very, mubh less—\f the pipes are 
not selected of suitable size, and laid properly; and it is 
further very variabte, fie^ending ,on the condition in 
nhich the furnaedman keeps the cupo^i, the presence of 
slag, dirt,*’and partially choked tuyeres, anS too close 
charging, so ftiipinishing bldst pressure. The pressure 
in a cupola varies within seyeral onfipes from the time 
of putting on tfie blast to the period of full melting. The 
ditlqrences are due to the increase pf resistance of the 
inoiten, iron und slag, preventing that ready escape of 
the air.whidh occurs ftirough interstices of the fuel and 
unraelted iron. A gauge supplies the uftiuns for reading 
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these variations of pressnve. It is graduated to ounces, 
and reads to 2 lb. No cupola should he without one of 
these specially-constructed blast pressure gauges, in 
which the pressure or dansity is measured in inches of 
water. An inch ol water gives a pressure of 0.5778 oz. 
per square inchi Blast pressure may range from 5 oz. or 
() oz. to IS oz. Say we have, as an example, a pressure of 
12 oz., that would be equivalent to 6.9276 in. of rVater, 
or 0.88 in. of mercury, and this may be |aken as a rough 
average approximation to ordinary cupola blast pressure; 
or, putting it in round numbers, 7 in. or 8 in. of water, 
and 1 in. of mercury. The larger the furnace, the higher, 
of coutsc, the pressure required. 

Fans flivi bkiwers .—For the production of blasf, fatvs 
and blowers are employed, by which the air enters the' 
cupola under^pressure. There is no virtue in nifsre press¬ 
ure as such, but a certain rapidity of combustion fs 
necessary in order to the efficient melting of njetal. 
The pressure is not great, seldom more than 12 oz. per 
square inch, but at such A pressure an enormous volume^ 
of air passes through the tuyeres in the coprse of a^min- 
ute. 30,0(10 to 40,000 cubic Joet of, air is necessary to 
melt a ton of iron,*and 'from 20,0(M) tp 30,000 cubic feet 
is necessarj to consume 1 cwf. df cafee. The Volume of 
air is necessarily l^rge, since, of the oxygen, much is lost. 
thft)ugh imperfect combustion, and the nitrogeft is inert 

The difference betyreen a fan and a bloiyef is, that the 
fan acts by inducing, a current of air, the blower produces 
I a positive pressure. The fan therefore has'"to revolve at 
a very high rate of sgeed, causing an attendant train .of 
evils inseparable from higk speeds; the blower need,only 
revolve at a very moderate rate .. The pressure Efnd vqlum'e ’ 
are under greateiaeontrol with a blower than with, a fan. 
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The common fan consists of an outer casing, cast in 
halves, and bolted together. Within it revolve the 
blades, or vanes, upon, a spindle which runs in long 
bearings, and' w&ich fs drivijn by belt pulleys Thf 



*" Figs. 16 and 17.—Ttpes of Ulowebs. 

4 ^ 

revolution of t£e vanes produces a partial vacuum within 
the casing, iilto which air rushes from openings at the 
sides of the casing, gathering momentum, like a falling 
bedy^with increase of speed, p,nd is forced out through 
•the nozzlesof the casing into the blast main. 

In 'the blower (Figs. and 17), th% air which enters 
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the casing (from below in the figures) is forced forward 
under constant pressure by the revolving pistons or 
imjiellers into the outlet above, which communicates 
.with the blast main. Tli^se imfeller#, are of cast iron, 
shaped to templet, and fit so accurately into each other, 
and to thejjored casing, that the thickness of a sheet of 
paper ajone preserves them from actual contact. * The 
narrow, almost pointed ends ^erve to sweep out any 
deposit of dirt or grit which may enter within the casing. 
Being lubiicated with a very thin coafing of red oxide 
paint, they run, though practically ait-tight, with the 
very minimum ofi friction. Two examples of‘Boots’ 
blowers are shown by Fig. 18, Plate I, and Fig. 19,• 
Plate n, the first being geared direct to an electric’Inotgr, 
the second driven by the special type of engine ^hich i^ 
use’d for the^e, witS two connecting rods. Ordinary high¬ 
speed enclosed type engines are also emplojred for this 
function, with a heavy flywheel on ‘the shaft, and con¬ 
nection to the second shaft by the usual gears. I’hese 
are by Thwaites Bros., Ltd., of Bradford, Yorkshire. A 
table of the per4)iM nances and o*ther narticulars ofl^oot^ 
blowers is givoR in the App^dix 
In Baker’s bloiJer tCere are tlflree'jevolvers or drums, 
each of ciraular section. Two df flie*,are slotted through¬ 
out their entire jength in order to allow the pair of 
radial wing's in the upper drum which propel^the air to 
ckar inside them., The lower drums ar# so arranged 
that contact is n^ver broken between one or other of 
them and the upper drum. The upper drifm is furnished 
with two radial arq?s which ^ternately sweep through 
the hollow portions of tlie two drums placed beneath, it 
In this case also the casing is^borefl out truly to prevent 
escape of air and> to ensure smooth working. 
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Controversy respecting the relative merits of fans and 
blowers is perennial. Each has its advocates, but an un¬ 
biassed mind will admit -that between the best of each 
there is little if anything to choose. The points in favour, 
of each are these. 

With the blower, practically the same voturae ot air 
which is drawn in must be forced out, for a well made 
machine should have iio<;3erceptible leakage. Hence the 
volume of air c^n be controlled exaictly by varying the 
number of revolutions of thelilowef, an increase in which 
increases the melting capacity of a cupola. The volume 
of air ’supplied being uniform under* similar conditions 
the pressifre increases with resistance offered, so that a 
blower will force air through slag obstructions, or through 
charges of increasing density. So that pressure may rise 
from 8 ozjio 16 oz. in the course of a blotv This is.all 
in favour <?f the blower. Moreover, very minute fluctua¬ 
tions^ occur in pressure during each revolution, occurring 
each time the arm of an impeller discharges air. This is 
also cjaimed as of value in regular melting. 

The fan acjs by.im^arting momentum to the 'air and 
not by displacing a, precise voturae eqifhl to the cubic 
capacity of the blovier. ’The term centrifugal denotes that 
the air iff delivered ebytiehtrifugal, force at the circum¬ 
ference. _ The rotation produces a paijiial vacuum about 
the centrS", to occupy which air enters at the'openings in 
the sides, ftegsure is inefeased with increase in the 
rapidity of the revolutions, and in t}?^ ratio of the square 
of the speed? The speed of a fan cannot be increased 
beyond the proper speed for which it is rated without 


abeorljing additional power in the ratio of the cube of the 
humber of* revolutions. §o that a fan wfll, under these 


circumstances, be a .wasteful machiifs. Actually fans 
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should be selected of capacities large |nough for their 
work, and for this the tables of manufacturers may be 
accepted as a working basis. -And f|irtl}er, the pipe 
arrangements must be free.Jarge, short in length, and 
without any quick bends, if the fan pressure is to be 
maintained g.t the cupola. The fan is noir so well ^le 
to force air through dense charges of slag as the blower 
is. On the other hand it produJes a softer ^ast. It is 
desirable with fans M have a^blast gate iij the main pipe 
for regulating the supply as the demands njade upon it 
vary. The elasticity or flexibility of thfe fan, its, self- 
adjusting capacity, is in its favour in the opinion of many 
foundrymen. But unless a fan is Selected fully .large 
enough for its work and,run at suitable speeds, it will 
prove very inefficient. In its favour is that of costing 
less than th^ blower, requiring less solid foundations, 
and being less expensive for repairs. 

The attempt has been made to employ a jet of st^m 
to indqce the blasb current,. This was the peculiarity of 
Woodward’s cupola. 

In theSerbertriCupoIa also the b^ast is iwduce^ by an 
exhausting jet of^team. ,Mie jet-opemtes in a flue near 
the charging door, and the blast enters through an annu¬ 
lar opening kimediate\y above 'the hSartb. THe width 
of this opening is gapable of adjustment by means of 
Bcre'ws for the production of a cutting or of a soft blast. 

Ladles .—For the peuring ol metal into jnpulds, ladles 
of various kinds are aiJiployed.. The drdina^ forms are 
shown in the accompanying illustrations. In the group of 
Fig. 20, Plate III, the amallest, the second from the top, 
is a band ladle holding a Hfelf hundredweight’only, need 
for very light casts and supplying feeder head sVith hot 
metal. Above it i^een the double handled shank .ladle, 

F 
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made in capacities ranging from one to about four hun¬ 
dredweights: two, three, or four men carry these ladles, 
according to the weight. Thus there may bo one, or two 
men at the cross handle; and one, or two at the straiglit 
shank. When made for two, the end of the shank is 



turned dowh, pnd is supported on a.crosB bar, each end of 
which is held by a labourer, The tj^d down in,the group 
is a heavier, or crane ladle; it may range from ten hun-' 
dredweights to a ton incapacity, jt is slung in the crane 
hook,; the batch seen on the r^hl prevents the ladle from 
becojnin^accidentahy uft-tipped, and, when thrown back, 
a man. standing at the cross handle ttirns the metal into 
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an the worm shaft, or if more convenienkat right angles 
an the square of the mitre gear shaft. Fig. 28,1'lito IV, 
represents a worm-geared ladle t 9 ns,cap<w!ity, by 



Messrs. Thwaites Bros., Ltd., with riveted "body, and 
Fig. 24 is a 10 cwt. ungeared ladle mounted on a four 
wheel bogie. A heavier claSb of ladle-j-5 tons capacity- 
Pig. 25, Plate IV, is provided with a lifting bar so i^a 
it may be lifted^ oft* and off by the-crane. TJie eight 




Fio. 26 .—Goodwih 4ND Hoy^f Patent LiDLS. 


Figs. 21 and 22 sho.w the construction of a double- 
.geared ladle by Charles McJfeil, of Glasgow, of 26 cwt. 

• capacity. The woVm gear for tipping is turned by the 
application of the handle either dirsctly on the square 
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the mould. The heaviest ladles are of Dhe type shown 
below. These are geared ladles, which may range from 
one to twelve tons in capacity. Thi geartd l&dle was the 



Ibo. 22.—^UBLE -aEAKBD liADLli.' 


invention of Mr. T^asjjiyth, 'and a graphic illus-, 
tration of the contrast between it andithe old ruageared 
form is given in hfs admirable autobiography. The laaile 
in the Fig. is dputte geared, haviifg mitre wheals*in 
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wheel bogie carriage has ball-bearing swivels, and the 
wheels are flanged to run on a track. These ladles are, 
except the STia\'est, ^hich are of cast iron, made of steel 
plate riveted together. T.he' McNeil^ ladles are of pressed 
steel. 

, Ladles afe daubed every morning before casting with 
fiiT-clay, or loamy sand, and blaekwashed. This lining 
is driod,tin the case'bf the .smaller ladles, over a coke 
fire, in the larger ones by,lighting a fire of wood within 
them. After casting, the skulls are chipped out with a 
hai\d hammei*. 

Skinmimg .—When metal is poured from a ladle, a boy 
holds a rectangular bar of iron across the mouth, to bay 
back the scoriae which floats ,on the surface, go prevent¬ 
ing it from entering the mould, to, the detriment of the 
casting/ The method is necessarily an unratisfactiiry one, 
but few attempts have been made to remedy it. Two 
fwms of ladles have been patented, having a bridge or 
bar dividing the spout froijj the b6dy; the Craven and 
Chapman is one; tlj^ other, Goodwin and How’s, is 
Hhistii’ated Mil Pig^, 20 and 27. Pr«pi the^e^it is seen 
that the body of the^taJle is p^ar-shaped, the shell being 
extended on one side to form an external spout, which is 
separated from the body by a skimmer or* dividing plate, 
projMting above the top of the sliell, and descending to 
the roqun-ed distance from the bottom. It is held in 
position by«eyes, pins,'and cotters at the top; and 
by finger plates at the bottomi'<The skimmer plate is 
readily removable for repairs. The principle of taking 
■the metal from the tottom is a» excellent one, and has 
* long been adopted in the sl^el-casting ladles, fitted with 
a goose neck and plugi 



CHAPTEE V 

THE SHOPS, AND THEIK EQUIPMENT 

Situation .—When designing an iron foundry, everything 
must depend upon situation and upon Ihe space avail¬ 
able; but there are certain main considerations ■which 
may be briefly stated. In the first place, the soil'ought 
to be "dry. One of the greatest difficulties in some low- 
lying districts is to get a suflSciently dry site. 'Thig, 
wh*ch is a matter of sliglit consequence in the building of 
a machine sjiop or Tboiler shop, is of serious imjgort when 
a foundry is concerned. In spongy ground, apd ground 
liable to floods, moulds sunk in thTe floor are always 
liable to damage. In such cases new ground should be 
made up of a height sufffcient to be above the reach of 
water, and especial care be taken in qo lin^g the c^sUng 
pits as to^ender them impeisiaas’tQ moisture. * • 

The building alko ou*ght to be lbft^,and well ventilated, 
to carry of^the sulphurous fulnes aiid smoke, present in 
all foundries. Th^^ere should be plentj of light. Ven^ 
tilation and'light are as essential in a foundry as in a 
machine shop. Bo^i should be mainly^rttvided in the 
roof. A foundry cannot be too well lighted. So much of 
the work is, in itself, involved in shadow, As in deep lifts, 
setting of cores, etc, that even, in the best-lighted shop 
the use of lamps in the daytime is frequently necessafy. 
If the roof is .well lighted, little Sde light is required. 
Still, the more tire better, and, whenever practicable, side 
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windows sliouJd be included. Fni-ther, the building should 
be of the same section throughout, in order that a tra¬ 
velling crane may run from end to end without hind¬ 
rance. Again" if *a larjje area,is required, it is better to 
obtain that by giving increase in width rather than ex¬ 
cessive increaise in length, and this not by unduly widen¬ 
ing'a single span, but by doubling or trebling tjie spans, 
eithdr making two of eti'ial breadth, or flanking a main 
span with bne or with two narrower .side ones, according 
to circumstances. This arrangetLent is economical in 
respect of the carrying of metal and materials, flasks, 
and tdckle; and it permits also of better overlooking and 
supervision. In any span there should always be clear 
floor room throughout, and this is of prime importance. 
To have cranes stuck about in the middle of a shop ‘is a 
bad arran^gement, because they occlipy valuable room, 
and make the transit of metal awkward. 

But these general conditions often have to be modified 
by circumstances, because the planning of any workshop 
may be hampered by the groifnd plan of the premises. 
The'proximity of pertain departments is desirable, and 
parallel bays are nqj; hl^ajs practicable/ 

Enlargement —The possibility'of future enlargement 
must be j;onsidere.d, in laying out a new foundry. And 
extension can only be effected on tte ground. No shops 
can be ‘ built over, because the heat and sulphurbus 
luraes forbid* it. Future extension ijust be provided fpr, 
longitudinally, or laterally, by increasing the length of a 
bay, or by adding a new bay or bays at the sides of the 
primitive building. A Jieginning pan be made with a 
square building, equipped witlya central crane, and one 
or two wall cranes. ‘ That is not a very ,good plan, but 
many'' small shops are constructed tlvis. Ip a future 
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extension the shop would be made oblojg, and the crane 
would remain to serve the heavy loam work, while the 
added length might be served with a traveller and light 
wall cranes. When starling a &lock liuildings, the 
proximity of store’s, etc., must be borne in mind to save 
unnecessary, handling of materials. . 

CapnJm .—Two cupolas are necessary in any foundry. 
The smaller will be of about a ft. 6 in. diametef* the 
larger will range up to 4* 5, C, or 7 ft., according to the 
weight-of work done. *In a farge foundry two cupolas or 
more of the largest capacity may be »equired for the 
day’s casts. Besides these, it is often convenient to have 
a small one of from Hi to 18, or 24 in. diameter, having » 
a capacity of from 10 to 30 cwt., for the purpose of mak¬ 
ing tests of mixtures, casting test bars, making a special j 
light cast, etp. „ 

Generally it is convenient to locate the cppolas tef- 
gether for convenience of charging and blowing. Inside 
the foundry it would often be more eonypnient for the 
tapping of metal to locate Cupolas apart from one another. 
In the (Sise of s^gcial departments of workj^uch arrggge-' 
ments must sometimes bfe ma'’e..< the general ruld, how¬ 
ever, is to set cupolas* together,*as'nearly centrally as 
possible, in order to legsen the 'distanoe of carriage of the 
metal, and the los^ of blast pressure. Id many foundries, 
the practice is to locate the cupolas without thdd)uildingjj 
passing the tapping^ shoot through the \jalf into the in¬ 
terior. In others thdjower portions are witfiin the build¬ 
ing, and the upper parts pass out through’Hie roof. The 
latter has the advantage over thaformer, that the furnsice- 
men are protected from Veather, and that the fo/enmh 
can observe the melting without going outsMe. ,But‘if 
the cupolas are ^iced without, a dpor at the side permits 
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ready egress. Hydraulic hoists, or geared pulley-driven 
hoists, will be located at the cupola stagings for lifting 
iron and coke from below. 

Large ladleh of^metaV are c%rried away with the tra¬ 
veller, or with a walking erkne, or swftng round in a jib 
crane to moulds within its radius. Light' casting is some¬ 
times done from a tipping ladle on a bogle'running on 
rails', down the shop. Jlie moulds are either poured 
directly frdm the ladle, or it is (ised to supply the smaller 
hand ladles whiih fill the mbulds in its passage down the 
shop. Shank lilies, containing from 5(i lb. to 4 cwt. are 
generally carried by hand. 

Core Osens .—The dimensions of core ovens and drying 
stoves depend upon the nature of the work done in a 
given foundry. The largest stores run to 20 ft. or 24 ft. 
long, by from 10 ft. to 12 ft. wide. Height also will- de¬ 
pend on ^he class of work, ranging from 5 ft. to 10 ft. 
Carriages will occfipy from 1 ft. to 2 ft. of this height. 
In cUses where work exceeds 0 ft. or 8,ft. in height, it is 
usual to eifecl: a division in (Sie mould, parting it into 
- two; Nvhich are placed Separately on the carriage. The 
largest 9i,oves should'bQ^^'ace*t to the trea dhere loam- 
work is done. The smailest stoveS are better located else¬ 
where, adjacent to j.{ie small core-making depptments, to 
be used for the drying of cores, or of small moulds. The 
stoves, ’oscept those for very small* cores, are always 
Vuilt outsidsthe foundry, the doors^being flush with t;he 
interior of thh foundry walls. Stovea are fired with coke 
from the outpide—that is, from the*end farthest from the 
doors. In some cases, however, the grate is built inside 
ii^'the centre of the floor. The/ieatost way of firing is by 
producer gas, or the "waste gas from furnaces. The car¬ 
riages containing the core's are made isycast iron, framed 
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together, and covered with loose plates. They are run in 
on rails which lead from the shop into the stove. Pro¬ 
vision is made in some foundries for drying large moulds 
in the foundry pits. Thi latter'are enlarge area, and are 
heated by gas,,being covered over with iron plates during 
the drying process. , 

Traeks. —Narrow bogie tracks might advantageously 
he used to a greater extent 4han they are in English 
foundries. The oBjection to their use is thai they occupy 
some floor space that might he required, and that the 
ladles are apt to spill some of their contents if the track 
becomes temporarily obstructed. In reference to the 
first, a fairly clear way down the centre of the shop must 
qf ne.-essity he kept for the transit of materials, and of 
metal if carried, in hand ladles. In reference to tl^e 
second, mishaps need not occur if a labourer is made re- j 
sponsible for keeping the ways clear. AlsOj similar mis¬ 
haps occur with hand-carried ladles. Further, too, other 
materials beside metal are carried on the traclts, and 
tackle also. The advantages are: Facility in transit,'- 
avoidii^ the,*hanging of heavy ladles from one crane" to - 
another amf saving fn l?''''.’.a:,* sne man being able' to • 
push along a load which would require three or four men 
to carry* in shanlj ladles ’and tji hand. In the light 
, foundry more especially, the tracks lire of value, since a 
ladle carrying 5 cwt., 8 cwt., or 10 cwt. of metal can be run 
* over from the cupola and made to feed a^ozen or tw^ntjf 
small moulds radged along its track, fov small moulds 
not in the line of track, the light 561b.- hand ladles can 
he dipped into th« larger ladle close by, instead of run- 
!iing across to the cuVla with them. Probably most of 
our readers know that oiy of 'the largest foundries in 
England—thlft at Crewe—has.tiny locomotives running 
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on its tracks. Not only for pouring, but also for running 
along flasks, sand \)oxes, and other material, is the track 
serviceable, saving hand-carrying for light loads and fre¬ 
quent waiting for the traveller to he at liberty for heavy 
ones. ‘ 

With rare exceptions the tracks are always narrow, 
seldom exceeding about 18 inches gauge. The rails are 
either dast on plates, or they are fitted on cross-sleepers. 
Casting-on is a convenient device for se’feral reasons. The 
rails may stand above the plates, or*preferably be flush, 
flanked by recessee for the wheel flanges. Such tracks 
are arrahged to connect with the yard tracks and thence 
with the other shops of the works. 

The n’arrow-gauge tracks may run uniformly through- 
qjit the works, or not go beyond the shop doors, as when 
wide-gauge standard tracks serve the yard. These then 
come up to ^the foundry doors so that articles can be 
loaded and unloaded ‘from standard to narrow and vice 
vena. Suitable trolleys are built for foundry service, being 
plain, or with sides to suit different classes of castings. 
“^Cas^g p)«,«.-j-The*e are either oblong,^ circulat, or 
polygonal fh form, and* tfaftit pufpose is twoford. The 
oblong pits are comparatively shallow, bul of large area, 
and are used for moulding wbrk whicji has to be dried, 
but which is so maSsive that it could no^be dried in the 
ordinary cone’ stove, or, if dried, could not be moved from 
,t.he*floor to tbe^it. Hence it is rammed, dried, and cast 
in situ. The circular and polygonal pi^.^ ,are usually very 
much deeper than the oblong pits, and the work may or 
may not be moulded and dwed in them, but is as a rule 
moulded on the'floor, dried in the A'rying stove, and only 
lowered into Ae pit finally f^r casting. The oblong pits 
being shallow, are generally lined only with brickwork, 
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except in damp and low-lying situations where water 
could gain access, when they are of iron. They are 
covered over with movable plates of cast iron to confine 
the heat while drying, ard are A'ied vfith’gas. The deep 
pits, on the contrary, have no covering, being simply 
receptacles for finished moulds; but, being deep, they 
are often liable to the entrance of water, and are 
therefore lined throughout wi*h iron plates, consisting 
either of boiler plates riveted together in th’e form of a 

(I tT 



cylinder, or of cast-iron plates bolted together with flanges 
like tank plates (Fig. 28). The bottom is similarly formed 
of iron plafes. 

t When bricking-pp work an the pit it is often necessrfty 
to erect staging ^at intervals for the inen to stand upon 
while working; ladders, also, are sometimes placed in the 
pit, and planks laid across the rungs, but it is better to 
make provision when bjiilding the pit for such^staging. 
When boilei; plate is used,, ringfe of angle-'iron can.be 
riveted around* at various Heights for this sjwoial pur- 
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pose; ribs may be cast on cast-iron plates when such are 
employed, or the pit itself may be constructed with rings 
or plates, the diameter of which increases as the series 
ascends, so as to foVm leiges atentervals all the way up. 

When it is required to diminish the size of a large pit 
for a temporary purpose in order to put a srqall job in, 
loose'rings are lowered down and the work rammed up 
inside S.hem as at A (Fig; 28). Large casting pits will 
range from ^ ft. to 70 ft. in length, by 'from 18 ft. to 22 ft. 
in width; small 'ones from 8' ft. td 12 ft. or 14 ft. in 
diameter. „ 

Officeh, etc .—The foreman’s office should overlook the 
entire shopf and be roomy enough to permit of the mak¬ 
ing of tests, and for the clerical work of the foundry. 

The pattern bench never need be large. Patterns ought 
not to lie about long in the foundry, 'fhe foundry bench 
is not a store, but simply a receptacle for jobs wanted, 
and as soon as they dre done with they should be cleared 
away from the shelving and a fresh supply of patterns 
sent in. 

“ Narrow shelving—pne or two rows—is arranged round 
the walls fflr the recepJii6iui£^maK patterns afteJ mould¬ 
ing, and a few moulders’‘small requisite^—lamps, nails, 
.etc. As soon as the q^tings are turned out and passed, 
the patterns must be removed, otherwise loose pieces will 
be lost ana.parts damaged. 

j Ntores for thw foundry, and the varipus machinery for 
the same, should l)o located close to tl);aj)uilding, in such 
a manner that time wilt not be wasted in obtaining any¬ 
thing required. Coke, san^, iron will, be kept in sheds, 
and J)he machines for grinding,dmixing, and breaking 
will be aSjaoent, and ra'ils, trucks, and hoists will convey 
the materials whenever Required. The simd and other 
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sheds may open into the foundry, or may be located out¬ 
side. There is so much dust, dirt an*d litter attending 
these, that it seems better to have them to open outside 
the foundry than into ^t, adjftcent'to* the work of 
moulding. 

The fettling‘shop must always be pajted from the 
foundry^itself. The reason is that the chips, the fins,‘etc., 
that are chipped off the castings must not be peraitted 
jio mix with the foundry’sand. In the fettlinf shop there 
will be a bench with Tices, Small emery Vheels for grind¬ 
ing off fins, scabs, etc., and a tumbler o^; rattle barrel for 
cleaning off sand and smoothing surfaces. 

The location of the pig and scrap iron will depend on 
local conditions. It is not necessary that the iroh shall 
be’close to the cupolas.* It may be elsewhere, provided a 
track is brought frbm the iron stores to the cupola. 

Departments .—If there are specialities in firms, as 
there are in most cases nowadays, Sach should be con¬ 
fined to a separate department. This is simply an Aten- 
sion of the principle of keeping in a general shop certain 
men oa certain classes of jobs? Thus, wheel moiflaing,' 

■ cylinder lioul(Img, light gr eep-^ tftid, hea^ gi*eii-san?I7 
etc., will be done-by nftn who wiM be kept as far as prac¬ 
ticable each on his class of»work^^To keep, separate 
classes of work in separate departtnents»follow8 naturally 
as the volume of trade increases. SometimeSid;hese de¬ 
partments will be located jn separate buddings,’ or ifi 
different portions of a single building. !If is always de¬ 
sirable to make a distinction between light and heavy 
work, because that jiermits of_ a suitable arrangement 
of hoisting tackle, flaski^ proportion of unskilled lab'pur 
required, and so on. Loam work taust always b*e kept 
distinct from eyerything else, because of the special 
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tackle required, the ground area occupied,'&e proximity 
of drying stoves ‘and casting pits, and heavy hoisting 
tackle, and because of the dust ^created in filing and 
finishing moulds.* Platb mouljjing, with or without the 
aid of machines, requires its lown special area and tackle. 
So does railway-chair work, ploughshaVe work, malle¬ 
able* cast iron work, etc. Engine cylinders, liners, and 
slide valves, also, when ^made in large numbers, should 
have a se}%rale shop, and a cUpola for the melting of 
special metal. Ibrass work ib always relegated to a dis¬ 
tinct shop. , 

Eveiything which can be kept under cover should be 
so kept. ,A considerable weight of metal is ifost in 
rust every year when tackle is left in the open. Standard 
grids, core bars, and the smalleb flasks can all be kbpt 
in sheds without encroaching on the foundry area. 

< Foundry doors must be made amply large enough to 
pass the largest ptJtterns or castings ever likely to be 
constructed. The main doors should qot, as' a rule, be*, 
less than 12 to 14 ft. wide, aitd from 10 to 12 ft. high. 
*They*are made of sheet'iron to slide sideway8,»or ver- 
• iictjny; iu the*latter eft sg bei ng aounterv^hteS. Hinged r 
doors should never be iKed, Smailer.doors will be placed 
at various, parts to sjiit various requirements., , 

The average foundry is almost* invariably the’iuost 
ladly-eqttipped of any engineer’s department in regsld 
tt) labour-saving appliances. There^are foundries n*w. 
considered gobd*, in which there is na machinery and no 
labour-saving appliances worth mentioning—in which 
work is carried on by precisely the'jiame methods which 
wefe in operation a quarter of century ago, and where 
averythin^is still dofie by dint of pura. ghysieal effort; 
moulds made, metal c^ried, castings dganed, e^., with- 
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out'the most obvious eoonomiel which^have long been 
practised in the leading firms. If a fractional part of 
the money which is lavished in the other departments 
to save unskilled labour sivere sjent $ tfie foundry to 
lessen the cost of Skilled labour there, the results would 
in time prove eminently satisfactory. Th^ reason why 
this coni^tion of things exists is that the class of ^ork 
done in pattern shop and foundry is of a different Char¬ 
acter from that carried *on in the boiler anS machine 
shop, in this respect—^that ^be work is not usually so re¬ 
petitive there as in these. 

There is some machinery which is indispensable in 
any foundry. There is much, also, of a more or less 
special character, the cost of which is either too'heavy 
for* small foundries, or* else it is machinery which is 
adapted onlj for certain classes of work. 

Indispensable machines are the coal mill and loam 
mill. Those which are seldom used fh small foundries, 
but which are fotmd in most large ones, are sand-sifters, 
emery wheels, rattle bari%ls, testing machines, and ma¬ 
chines for break^g pig iron and co|je. Machines of a 
fecial character used i» special fl^partmeafo'ot large 
foundries doing general work, afid In any shops doing 
special work, are the plate-mouldijjg {tnd the wheel- 
moulding machines. Articles'wEich wme under the 
hehd of appliknces, and which are essential everywhere, 
are wheel-Wrows, lg,dles, shovels, riddles, sieves, scratch 
brushes, core trestles^ iron core boxes, flaskS, etc. 

Cranes .—These are of three kinds—post cranes, which 
slew completely rouq^; wall cranes, which slew within 
a more limited range, ge^rahy 180 degreesj an^ over¬ 
head travelling^ranes, the raneeof travel of which covers 
the whole of the floor area of tne shop. Th6 post cranes 


o 
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are very useful when the shop is of moderate size and of 
quadrangular form. The framework, triangular in out¬ 
line, may be constructed either of steel or of wood. The 
post is pivoted in a toe step in the ground, and in f, 
socket attached to cross timbers in the roof trusses. Pro¬ 
vision is mads for lifting by single and double gear, and for 
racking inwards and outwards; the latter being essential 
for tne precise adjustment of the ladles in relation to 
the moulds, which are arranged on the floor. The power 
of such cranes may range from three to fifteen tons. 

The wa” cranes are necessarily of light const-nction, 
ranging between powers of one and two tons only. 
The framework consists of horizontal jib, and ties only, 
made in steel. The hoisting gears are attached a 
bracket which is bolted to the wall, independently of 
the main framework. A racking carriage travels on the 
horizontal jib, and is worked by means of aii endless rope 
depending from a spider wheel above. These are used 
for turning over and lifting the light moulds, and 
smaller ladles, and if ranged iii series, each within range 
of the radius of its fellow, ladles can, be passJd down 
the shop icpidly, being transferred from crane to crane 
with changing hooks. 

But the overhead* traveller has the best arrangement 
, for all except thfe very small shops. The traveller moves 
along tbd gantry beams which are supported on the 
stone abutm'enjs of the walls, and the crab has a trans¬ 
verse motion across the traveller beams. The whole 
area of the floor can thus be covered at will. Travellers 
when of small size are worked '■y hand from below 
with endless ropes, many of those of larger size by a man 
stationed "on the crab above. Travellers nf all sizes are 
now actuated electrically. 
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These will be differently arranged lecording to cir¬ 
cumstances. There should be at least one overhead 
traveller in each bay, operated by hanior'by electricity. 
It is well to have two fra^rellers—one light and one 
heavy—in long lehops where a lot of handling of flasks 
has to be done. In addition there must be’several hand, 
electric, or hydraulic cranes. (Jjolumns can be utilized 
for the attachment of craaies which swing in « complete 
circle to serve adjacent bays. It is necessary to have 
jib cranes, as well as a traveller, in a foundry bay, be¬ 
cause a single traveller cannot serve all the requirements 
of a foundry. They should not be in the midjjle of the 
shop, because they would be in the way. It a crane is 
plased in the centre of a bay it must be located at one 
end, in order not •to interfere with the work of the 
traveller, or*with the clear floor area necessary. At on^ 
end it may serve for the heavy loam work,’or heavy 
green-sand work. Any jib crane which is adjacent to 
another crane should cower its radius, fof the conveni¬ 
ence of changing flasks or ladles from one to ancrther. 
411 jib cranes nwSt have jacking movement t^jiovfir ituj 
work lying between the post and tlm maximum radius, 
and therefore they must have Jiorizontal jibs. ^Walking 
cranes are sometimes’used in Sswtnfriej* as in machine 
shops and turnerieft They cover the whole arq^ without 
remaining a permanent block. But they ar* not scf well 
adapted for heavy wdrk as the travellers. ’ • 

Converted and siftgie-motor travellers are^undesirable. 
Each motion,—hoisting, longitudinal, and cross traverse 
should have its own iflotqf, and a heavy traveller should 
have in addition an auxiliary hoist Jor light loads. * 

Power.—In Aaking selectiofl of power for a foundry 
at the present Ijime, broader views have to be taken dhan 
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formerly. Not'only have new applications of power 
agencies come into the field, but the foundry itself has 
been radically reorganized and remodelled. Many recent 
foundries are machine-moulding shopr; others have gor a 
far in that direction. Human muscle—'a big asset in the 
oldor shops-i-is of less account now than it was at one 
time Mechanical aids to lift and carry are ubiquitous. 
As foundiies have been re-designed, so also have power 
agencies become rcadapted.* 

One fact should seem so obvious as hardly to need 
statipg, namely, that no single answer can be given to 
the quesdon that would be of universal application. 
There is, for example, very little in common between a 
foundry doing all light work and another handling only 
heavy woi'k. A foundry which deals with both classes 
^stands in a different category from one riknufacturing 
specialities, and so on. Each shop must be considered 
as cn entity apart from any other. The following re¬ 
marks are intended to ombraoo the principal conditions 
which exist in foundriea 

The naturil corfrse to adopt^in apprtitching the power 
question is to take first a brief survey of the services for 
which power is demandpd or is desirable. These are 
hoisting and clj.ri'ying power for'the cupola, machinery 
for the ]oreparation of materials, machinery for making 
. moulds, anij that for cleaning castings. 

Hiiistinfi and carrying machinery.—Theae are included 
under one heading because they hrb intimately related, 
though carrying on tracks is independent of hoisting. 
But all cranes carry as well aq liff, and one of the prin¬ 
cipal' di^erences ini them lies in their range of action, 
which is least in a swinging crane, and greatest in over- 
hea4 travelling cranes, and hoists on (\verhead tracks, 



TEE SHOPS, AND TEETH EQUIPMENT 85 

The power agencies include hand, steam, electricity, 
compressed air, and pressure water. 

Hand power .—Hand power capnot Ijp left out of ac¬ 
count, because sm^ll foundries in country places depend 
mainly upon it., Such foundries are not able to afford 
an expensive power plant of any kind. The’demandsjor 
crane service arc too limited, too intermittent, to jijstify 
the capital outlay involve^. For fhese the hand-operated 
overhead travelling crsyie offers a cheap fjpurce of power. 
It is made to be operated by a labourer on the crab, or 
from the floor liy a dependent chain. *A filflngiijg jib 
crane, or two, judiciously located against walls, to cover 
certain areas where such help is most needed, may well 
supplement the overhead traveller. Such cranes must 
have horizontal jiljs along which the jenny can be 
racked. Neither cranes with fixed jibs, nor derrick cranes 
with luffing jibs, are suitable for fopndry service. In 
shops equipped with hand cranes the power which ^an 
be most economically installed is a steam-engine for 
driving the blower, the sand aud coke mills, and tum¬ 
blers. This is tb* simplest and cJietJpest^ the, driving 
tHen being donS by means of bjlta*. This ruachmery,, 
small in amount, but indispensable, can be located 
adjacent to the blowe» and cup<i!a, ^ferably in a shed 
outside the foundry jwall. 

Steam power .—Steam power may be ruled put entirely 
now in all ordinary foundrie’s of medium* and large di¬ 
mensions for new ihetallations of hoisting machines. 
Electricity has almost wholly superseded it* and where 
this is installed it se»ve| also for the driving of the 
blower and the grinding'mills. Overhead steam* tra¬ 
vellers and rope-driven ones •were always somewhat 
of a nuisance,^winch accounts for the rapidity vfith 
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which they disappeared as methods of electric driving 
improved. 

Electric pawcv;—Electricity is the agent which in 
foundries, as in' other shopsl is the, most flexible and 
mobile form of power. The work of the, foundry is more 
intermittent 'than that of the machine shop, and elec- 
triciijy is eminently adaptable to such conditions. At 
casting tirae, and when castings are being removed from 
their, moulds, tjie cranes are fully, occupied. During the 
middle of the day their service is intermittent. When 
eleeti;ic craues fcre not running they are using nc power, 
and when in operation they absorb only the amount 
which corresponds with the demands made upon them. 
Also, nearly all cranes now built have separate mqfors 
for each motion, and for heavy and light loads, rated 
suitably for the different speeds and loads, thus not only 
economizing pow^r, but getting the most suitable speeds 
for,pvery separate motion. 

The distribution of electrjp powef from the power 
houoe entails the employment of a considerable number 
of motop distributed where required. <.]dut agamst their 
cost i's to*T!e set the fqjct that they are eminently adapts 
to foundry service where the cranes and machinery are 
scattere’d and used Ve£y,;vntermitt«ntly, and they compare 
in this.respect most favourably with any other method of 
. power distribution. In a large foundry the average load 
on the motpn is low, because the* intermittent periods 
when no power is being used art'fcequent and long in 
the case of hlmost all machines. 

• In a large foundry the facilities <or transmission which 
the electric cables afford coiftrast most favourably with 
'those of steam pipes, tquare shafts, or cotton ropes. 
One power house will supply all tK4 current required 
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for cranes, blowers, and machin^y used in the foundry. 
Cables supply the cranes with current, wliich is switched 
on to motors on the cranes only when required for 
service. 

Blowers and valious machines are belted preferably 
from short lengths of motor-driven shafting suitably dis¬ 
posed. Blowers are designed to suit every kind of drive. 
A motor is directly coupled to the blower shaft, or* it is 
driven through one set of reduction gear, or a* belt drive 
is taken from a countershaft above, or from a counter¬ 
shaft on the same bedplate as the blower wiJJ^ provision 
for belt tightening. Or a steam-engine often drives the 
blower direct, being mounted on the same bedplate. 

These, variations are adaptable to different local con¬ 
ditions, and the reason why the blower is thus favoured 
lies .in the d^esirabifity of locating it in a room by itself, 
away from other machines, in order to prevent access of 
dust to the interior. The sand and Coal-grinhing mills 
are better belted from a motor-driven countershaft. 'The 
machines in the fettling fhop are similarly operated. 

Corrprensed air ^—This is a source^of power whrch is 
almost indispeasable in any foundfy^ of orSips^ dimen¬ 
sions, apart from its utilities in djierating light hoisting 
machinery running on overhead ^acks, and,in some 
types of moulding machines. !hl5 utilities of pneumatic 
rammers, and of pipes for blowing loose sand aj^ay from 
pattern faces and ogt of moulds, are of mtich vaHie, aS 
also is the sand btg,Bt for fettling castings.* These alone 
are sufficient to justify the pneumatic, installation. 
Whether to extend t|je system to the operation of hoists 
and of moulding machi^s must be answered differently 
in different foundries. 

The light pneumatic hoists on overhead tracks, covering 
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the entire floor area, arl a great help in many foundries. 
But since electric power has been installed so generally, 
electric hoists have often been preferred. The electric 
cable is to b"e jfreferrfed to afr-supply pipes with their 
risks of leakages. The elasticity of the air lift, thouga 
not very marked in the best modern hbists, is still ob¬ 
jectionable when withdrawing patterns, and wl).en turn¬ 
ing over boxes of mouldo. 

On the''other hand, the codt of pneumatic hoists is 
less than thatV electric dnes, tfhich have to include 
one or tw,o mqtors, besides gears. Electric hoists are, 
howeter, better suited to the heavier loads than pneu¬ 
matic types. Compressed air is used in many power- 
rammed machines, and its use is increasing. But many 
firms prefer, or are committed to, hand machines. Tlien 
the air hose should be an adjunct for blowing surplus 
.sand out of the moulds. 

Hydravlic powef :—Pressure water is used very largely 
in fierman foundries. The reason of, this, apparently, 
is that in the German shops “heavy machine moulding 
has'fleveloped more extensively than in any other coun¬ 
try, andefor Shis, hyfiraulic pressure hm no rival. But 
apart from this servile, pressure water is now rarely 
installed in foundries; that is, it would seldom be used 
for cranes, unless alreSSy in use or contemplated for 
' heavy maulding machines. ■ ' 

• Pohmerlyf in a fair number of foundries, hydraulic jib 
cranes were Employed, and they hare the advantage of 
being easily, and minutely controlled. But there are 
several disadvantages incidental to^the pipe connections 
and valves, .and the liquid usqt, and the system is not 
jidaptkbletto the oth^t services of the fouijdry—the over¬ 
head ‘.travellers and the blowers and, machines. The 
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coinbination of steam with wat^r, the ^steam-hydraulic 
system, has been employed rather extensively; but the 
disadvantages of the transmission apply to this as to 
the hydraulic, comparing <infavo6rably^wifh the electric 
conductor. * 

MisceUaneom 'macMnce .—Cupola hoists ,are operated 
by whatever source of power happens to be installed. 
Direct hydraulic operation is the best if pressure tvater 
is available. But failing that, either steam or electricity 
are quite suitable. The letter is BO'S predominant. 
Some cupolas have bucket elevation, and tr^pportation 
bucket gantries. 

Trolleys on tracks for transportation of materials, 
boxes, and castings are simply pulled or pushed by 
haifd. In rare instances light locomotives are employed 
in extensive foundries. 

Machinery for the preparation of materials include# 
pig breakers, sand grinders, sand siftdts and mixers, coal 
mills, and loam nylls. The best arrangement for thele is 
that of short lengths of c(Juntershaft, motor-driven, with 
fast and loose puUcy,, to tlirow *any iqachine into or out 
•f action. 

Machinery for making mould's includes chiefly the 
various moulding machines, and the^jall^subsidiary con¬ 
veying systems, which, however', Sre used only in shops 
whtere the output is largo, and where power is w'ailable. 
The employment of a large installation of nftulding ma-' 
chines need not, and often does not, invdlve a power 
plant, for the majority in use are still hajid-operated. 
Patterns on machinqg of large dimensions can be dealt 
with thus, so nicely ar#,heavy parts counterbalanced, 
and combinatiops of levers devised' Hand rarmning and 
pressing is also .more common than power ranmiing. 
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When power is used it chiefly compressed air in'this 
country, and hydraulic power in Germany. 

Machinery for cleaning castings includes tumbling 
barrels, sprue fatterl, pneumatic chisels, cold saws, 
emery grinders, and sand-blasting Apparatus. All ex¬ 
cept the laEit, and the pneumatic chisels, which are 
opel'ated by compressed air, are usually be,lt-driven. 
The fcountershaft used tan be driven by a steam-engine 
or electric motor. The direct ihotor-driven unit is, how¬ 
ever, gradually'coming into*^favoifr. 

In the .foregoing remarks the foundry has been re¬ 
garded as an isolated unit. But very often it is one de¬ 
partment among several of equal importance in a great 
engineering works, and then the question of power is one 
which embraces the works as a whole. In such a base 
one large power house may supply electric current to all 
•the shops, where it is taken up by motors located as 
seems most desirsfole. 

The large works also is favourable to the best possible 
adaptabilities of power, becaufe not only electricity, but 
also hydraulic aijd pneumatic plants^ are, of necessity, 
installed^-The boijet shop mu«t possess the last two. rA 
stamping shop mrfst llave either hydraulic or steam or 
pneumatic pow,er,, qften two of them if heavy and light 
^ work are both*being“^rried on. In such works the 
foundry-will be highly favoured in being able to utilize 
*the test possible agents fonits various services. 

Heating and, ventilation .—The heating and ventilation 
of foundries have too often been neglected. Modern 
buildings are usually lofty, the arqas are large, and large 
end doors,'Which are frequeijUy opened, are essential; 
■and theStt conditions, with louvre ventilation in the roof, 
or alternatively swinging sashes, are fcoquently sufficient 
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in foundries of large dimensions, sucji as those com¬ 
prising two or three adjacent bays. Hence, compara¬ 
tively few foundries have provision either for ventilation 
or for heating, where tlfe temperature in the coldest 
weather seldom ,drops lower than about 18 degrees or 20 
degrees Fahr., nor remains long at that. In the northern 
United Btates and Canada, where temperature is fre¬ 
quently a good way below zero for long periods, warming 
is imperative, and ventilation is made a part of the 
system. 

The plenum system, using a blower* circulating cold 
air on the outsides of banks of steam pipes whicli con¬ 
stitute a heater, and discharging it through dhcts within . 
thq building just above head room, is the ideal system. 
The temperature ^ithin the building depends on numer- 
ous'conditiens which have to be weighed carefully, such 
as cubic capacity, amount of glass, frequency of change, 
difference between the outside and inside temperatures 
required, the latter being^usually in the winter 50 degrees 
to 56 degrees Fahr. for foundrjps. Thence the tenjpera- 
ture to*bu imp%r4ed to the air at the heater, the size and 
Tmmber of rer^lutions 8f the blower, the slies Of pipes 
and ducts and their numbers are calculated, being the 
work of engineers whp make fbis a^specialty. ’ 

^Small steel eon%erters .—Steel castings are now used 
instead of those of iron for so many purptJBes ^where 
lightness has to beesoughti as well as gtringth, that a 
steel foundry has bW:ome a frequent annexe to the iron 
foundry. The steel firms can supply castings, but delays 
and expense are lessened when the iron foundries make 
such steel castings as are required^for their own qse.» 

This practioe has been fos^red and develd^ed,by the 
growth of the hJby or small steel converters, the Tro- 
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penas being generally used. The choice lies between 
these small converters and the small open-hearth furnace, 
since the ordinary large converters handle quantities of 
metal too great for the small Jsteel foundry. Moreover, 
the grade of metal is not so easily controlled as is that 
in the small converter or the open-hearth furnace. 

A good deal might be said in favour of each system. 
The baby converter reqisires a rather large plant, as the 
metal has to be melted in a separate cupola first, and a 
turning or tilting gear, power-operated, is essential. The 
open-heartjj fqrnace requires no such aids, but it must 
have regenerators. 

On the'whole, it appears that the small converter 
plant is being installed very extensively on the ground of 
its great utility in small castings made in small quan¬ 
tities, articles which have previously beep forged, or 
fnade in malleable cast iron, or in one of the bronzes, or 
in cast steel in the regular foundries. Quantities much 
smaller than the contents of even a small open-hearth 
furnace can be melted in these converters. There are, 
moreover, considerable numbers of smpll, self-ccmtained 
melting ftmiaces suitable either for steel* or the bronze?,’ 
furnaces of tilting type and having blast pipes, as the 
Schwartz and othqra. These are ejctremely simple, more 
,^80 than the baby Bessemer designs and therefore adapted 
to copditsens which might not admit of the laying down 
of such a plant. 
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MOULDING BOXES AND TOOLS 

Flasks or moulding boxes are employed for enclosing 
either in part or entirely all moulds excepting those 
which are made in open sand. The lovnei^p^rtion of a 
mould may be in the sand of the floor, and its upper 
portion in a flask. Or the entire mould may be contained 
in flasks, above the level of the floor sand. 

I'lie upper portion of a covered-in mould is termed the 
to}) or cope, gnd the flask corresponding therewith is also 
termed the cope, or often the top part. The flask in the 
bottom, or that which lies on the floor, is called the drag, 
or hottum part. Ifdhere is a central flask, that is named 
the middle or middle part. These are shown in Figp. 29 
to 31. In this m;oup. Fig. 29 is a cope. Fig- 30 a drag 
bottom, and vfig. 31 a'middle part. ' 

It follows from a consideration of the obvious functions 
of flasks that they mpst fullil^these .main conditions— 
they must be rigid and strong ohougK to retain their, 
enclosed sand without risk of a drop-out occuliing., and 
their joints and fittii^gs must be coincident, feo that after 
the withdrawal of tjwi pattern they shall be returned to 
the precise position for casting which they occupied 
during ramming up. . 

Rigidity and strength*/ire obtaiped by making the 
flasks of cast iton of sufficient thickness. Occasionally 
they are made in wood, this being a common practice in 
93 
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the United Stafcs and Canada, but the general practice 
here, and by far the better, is to use cast iron. The evils 
of a weak and IVinsy f ask are, springing during the pro¬ 
cess of turning over and of lifting, .causing fracture d 
the sand to take place, and portions, to fall out; and 
springing or titraining of the cope at the time of casting, 
producing a thickening of the metal over th6 strained 



Fig. 20.— a Copei 


area. A flask- should not be excessively heavy, but at 
least it requires to be strong and rigid. 

Various devices are adopted in order to ensure the re¬ 
tention of the contents of flask^. 0hief among these are 
thte bars or stays by which they are bridged. A' A' in 
Uigs..29’and 30. These«are ribs of metal usually cast 
with the frames, though sometimes bdfeed therein, to be 
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detachable therefrom. They are arranged for the most 
part at equi-distant intervals. Their forms differ. Thus 
the typical bars for bottom or drag flasks are flat, 
Fig. 30, A ', their functiftn^being the,retention of the 
sand which lies {hereon, and which but for the bars 
would mingle with the sand on the floor> Only in the 
case of special flasks, as for example those used for pipes, 



columns, and for repetitive work (Figs. 32 34) in 

whicli the bars follow the cofltour of the ijatTorn, is this 
practice departed fsdm. The bars in the cope (Fig. 29, 
.4 ') are made on an essentially different plan. Here thej 
are never flat, but always vertical, being rather of the 
nature of ribs than of bais. For general wdrk they a*e 
parallel, as in lig. 29, but for special work their low* 
edges are cut to Ute contour of the pattern which thej 
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cover (Figs. 82 Jo 34), but kept to a distance of ^ in. 
or i in. away from the patterns. They are always cham¬ 
fered also, :^g.^29, because if left flat, the sand lying 
immediately underneath the bars would be in8ufScip.itly 
rammed. Being chamfered almost to ^a knife-edge, the 
full pressure, of the rammer is exerted immediately un¬ 
derneath the bars, as elsewhere. 



-Fw. 3j'.—A MittBLE. 


There are no stays in middle parts excepting for some 
special work., Middles for general„work are always left 
clear of hare, as in Pig. 31, becaitse they have usually 
to contain a zone of sand only, the central portions 
being open. To retain this zone o& sand, rods and lifters 
are employed, the function and mode of use of which are 
described at p. 147. Lifters are also employed in the 
•cope.' A rib is cast around the inner- -bottom edge of a 
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middle, Fig. ?1, B, to assist in the retention of the 
sand, and also as a convenient support for the rods 
which help to carry the lifters and the sand. 

Flasks are always cast with a very rough skin, tha 
better to retain their contents. They are frequently 
made in open moulds, no blackening is used, and their 
inner faces are often purposely hatched up to increase 
their ad^iesive power. 

The coincidence of the jpints of moulds is effected dif¬ 
ferently in the case of work which is bedded in, than in 
that which is lurned over. Thus, the mould being bedded 
mainly in the floor, the cope is set by means of stakes of 
wood or iron; but being turned over, the flasks are fitted 
with ]>ins. 

In the first method, one example of which is shown on 
pp. 16<5 to 169, the pattern having been bedded in, and 
rammed up as far as the joint face, parting sand is 
strewn thereon, and the cope lowered into its position 
for ramming. Before being rammed, however, its per¬ 
manent place is definitely fixed by the stakes, which are 
driven deep’y down into the sand of the floor alongside 
of tHe lugs. Fig. 29, E, E, or other projections standing 
from its sides. See also p. 174, Fig. 97, D. Being then 
rammbd, and afterwards lifted off for withdrawal of the 
pattern, and cleaning and finishing of the mould, it is 
retumfed and guided to its original position by the stakes 
in the floor,., 

In the second method the In^a cast upon the sides 
of the flask parts have holes drilled to correspond 
with each, other, and long turned pins are bolted into 
the, lugs t?hich arc lowermost, and pass into the corre- 
•spojiding holes in the 'ugs above. The more care which 
is tahen with the fitting up of these lugs, the more accur- 
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atcly will the boxes and consequently the mould joints 
correspond. The length of the pins should be settled 
with reference to the nature of the wvk.... In any case 
the pins should en^er their boles before any portions of 
the opposite moijld faces come into contact. Unless the 
pins guide the closing mould there is always danger ef a 
crush of’ the sand occurring. ^In shallow flat york, 
therefore, the pins may measure no more than 3 in. or 
4 in. in length. But,in werk having deep vertical or 



diagonal joints the pins may require to bo 8 in. or even 
10 in. long. The practice is usua^lj^ to make tte pins 
point upwards. Thqp, in Pigs. 29, 30, amfsi, the parts of 
the flasks rite represented in their correct relation# for 
super-position at the time of Snal closing the mould. 
The drag (Pig. 80) bfts its pins G, G, pointing upwards 
ready to enter into the lugs O', C\ of the middle (Fig. 81). 
The pins F, F, of Pigi 31 also point upwards to enter 
into the lugs E, E, of the oope (Fig. 109). 

The best method of securing tthe pins is witn cottars 
(Fig. 35); Bometailes, however, ih deep moulds jjast 
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vertically, the pjns are short, and the ends are screwed 
and the tightening is effected with nuts. 

When flasks are retained in position with stakes, cot¬ 
taring or screwing cannot of course be effected, yetgrea'j 
counter pressure is necessary to prevent a cope from 
being strained and lifted at the time of pouring. Weights 
are therefore employed for this purpose, the amount re¬ 
quired bejng estimated roughly according to the area of 
the mould, and its depth from the pouring basin. 

If the contact area of a cope measures lOur feet 
square, and, the height of the pouring basin is one foot 
above it, the amount of weiglit required by calculation 
to keep it down, including its own weight, will be 
4.8" X 48" X 12" X '203 lb., the latter being the weight 
of a cubic inch of iron. This would give 7,121 lb." re¬ 
quired for loading, or over 3:J^ tons. Actually, a moulder 
seldom attempts to calculate the weight necessary to 
load a flask properly, because so many other conditions 
have to be considered besides the simple laws of hydro¬ 
statics. There is a good deal of pressure due to momen¬ 
tum to be t|ken,into account. Metal poured-directly 
into the'mould will exercise more straining action than 
that led in at the side. Eapid pouring again will cause 
more momentgm „t)jan slow pouring. Hot metal will in¬ 
duce more strain than dead metal. Risers relieve strain. 
The^moulder, therefore, loads according to the best of his 
experience imd judgment, and not by calculation merely, 
which alone would often lead him astray. 

There are-numerous minor attachments to flasks, used 
both for general and for special Qprposes. All flasks re¬ 
quire to be'turned oyer, eithep 'for ramming, or for clean- 
•ing up Of the mould. For this purpose handles are 
provided in the small-flasks, and middies, Fig. 31, F, and 
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swivels in larger ones, Fig. 30, H, and Tigs. 32 and 38. 
The swivels rest in slings depending from a cross beam, 
the beam being suspended fron» the •crane the while. 
Since handles swivels, require to be very firmly 
secured in place, they are not only made of wrought iron 
and cast in position, but the metal is increased aro«nd 
that portion which is cast in, as shown in Figs. ‘2Q, 30, 
31, 32, and 33. 

Tha:g are other att^pbrnents, as handles, Fig. 33, B, B, 
for turning over flasks which are too long to be slung in 
the crane in the manner just noted, and fcr lo\Kering 
them into the foundry pit for vertical casts. There are 
also flanges, C, C, in the same figure, for the attachment 
of (jpek ihtes, that is, plates of cast iron bolted to the 
backs of deep flasks which have to be poured vertically, 
and-which are subject, as all deep moulds are, to enorm¬ 
ous liquid pressure. The back plates jjpevent all risk of 
the pressure forcing out the molten metal, and so pro¬ 
ducing a waster casting. 

The fortus of flasks vary widely, being rectangular, 
both sqviare anclofclong, and having otdintfry, ^ special 
bars. Or, cope* and drag may Ije precisely* alike, and 
bars be alike in each, as in Figs. 32 and 33, which repre¬ 
sent pipe and column boxes. Fig. 3^ teing for pipes, and 
Fig. 38 for columns. The sides are bevelled in Fig. 32, to 
economizelihe sand, and time spent in ramining, aicon- 
sideration when large numlrers of casts .are required. 
In Fig. 32, and Figs.'.38 and 34 the holes D in the ends 
are for the purpose of allowing the ends *of the core 
bars to project through. J’lasks are also circular for cir¬ 
cular work, or of irregular and unsymmetrical'outlines to 
suit work of spewial character. *10 jobbing shops, flasks 
will be sometime^fitted with intercTiangeable bars bolted 
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in place. Pockets also are often fitted at the ends, which 
are then bolted on, to be removable, the object being to 
increase the length of the flask. Sometimes pockets are 
bolted on the sides to take branches, and holes are rat 




Fio. 3C.— Wooden Sniip Flask. 

through the flask sides next the pockets. In ail these 
cases the question to be decided is one of relative cost, as 
between the e-xpensa of the alterations, and that of a new 
‘flask. Flasks cost littla for making, and the metal is 
always worth nearly" its first value TOr re-melting. The 
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dimensions of flasks will range fro‘m 6 in.io 12' 0" square 
or from 1 6" to 20' 0" long, if of oblong form 
Snap flmks.~Figs. 36 and 37 .show a yooden snap 
flask made up to about l#in. square, with pins of tri 
angular section, having provision for taking-up wear. 




Pig. 37 .— vvoodkn Snap FiaSk:. 


These are made of birgh or other suitable hq^Jwood, i m. 
0 ff in. thick, by 3,B}. deep, in standard sizes. As no 
ars or stays can be used, each side has two concave 

lif^r'-r* «« the bops can be 

corn! Of thtsand faUing out.- The fast 

whol ^3 ^ in.,sheet iron runfling the* 

hole depth. The.hinge is made with iin. straps.' The 
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snap at the oppesite corner is of the latch type (compare 
with Fig. 38), and the latch cannot be locked in place 
unless the norpers ^re in absolutely close contact. 
This fitting is of brass, to avoid rusjiing up. The pin^, 
which are also of brass for the same reason, are seen in 
Figs. 36 and'38. The pin is cast on an angle bracket that 
is screwed to the side of the top box, and tits through a 
a hole in another angle‘’bracket on the bottom box. This 
bracket is made in two pieces, one of which is screwed 
to the box side, and the other attached to the horizontal 



Fio. 38 .—Details op Snap,P/,ask. 


portion with two set bolts, over which slot holes in the 
adjustable piece sJiCe, permitting,the taking up of wear. 

The pattern ‘platej Figs. 39 and 40, has triangular 
holes to receive the pins, and lugs on opposite corners 
for the purfio^e of rapping and liftipg it by. The plate is 
of cast iron, ^ inch thick, planed on both sides. That 
shown in the figure has pattern parts on both sides, and 
ingates and.runners on the top, F,fg. 40. Presser boards 
for top and bottomj Fig. 41,aBtiffened with battens, fit 
freely inkide the flask payts. 

A than and a boy operate a macbintnand set of moulds 
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thus': The sand being mixed andSampediand thrown in a 
heap at the side of the machine, the man commences work 
by placing the complete flask on th^ macljin^ upside down 
—that is, with the pins ]^oipting downwards—and lifts 
off the upper pajt. Fig. 36 (the bottom part in the com¬ 
pletely-rammed mould). The pattern plate is next ^aid 
on the jwnt face of the box part—with the deepest por¬ 
tion of the patterns facing upwards—and the tipper part 
iS'replaced over the plale,,the pins passing therefore 
through flie plate and the lower one. The lad now throws 
sand into the box from the heap, whils th§ man tucks 
the sand round the patterns with his hands. When the 
box part is filled, the sand is strickled off level, and the 
bottom board, or carrying-down board, Fig, 41, is laid 
upon the strickled surface. 

During tlys time the table or platen has been standing 
out clear of the presser head, but now a cat^h on the* 
right-hand side of the machine, whiclT has hitherto re¬ 
tained the table in plac^ is released, an^ the tabfe is 
moved to bring the moula under the presser head. .The 
lever is‘pulled shj,rply once or twice, rai^ng the table 
and bringing tlM press IJbard in coniact with fiief head, 
compressing the sand, and sending' the presser board 
between the box sides Jo a depth of in. to*l in. 

Releasing now the lever and the catch*the table moves 
forVard ai»d remains locked in a slot, bringing ‘the box 
clear of the head. TJhe man* now turns it.oVer, and the 
same operation of ^hovelling in, tucking, and strickling 
off the sand is gone through. The second psesser board, 
now put on, carries thg pattern cup for the iflgate, which 
comes plumb over the in^te boss gn the pattern plate. 
The same operation of running^he table back ahd press^ 
ing is repeated. 
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The table is ijgxt drawn out, the pressing board lifted 
off, leaving the impression of the pouring cup, which is 
now connected to the boss beneath by removing the sand 
with a tubular cutter. The lad next raps the projectinr 
lugs at the corners of the pattern plate, and the man 
lifts the top part of the flask and places it on edge on a 
stand at the left-hand side of the machine. The lad raps 
the ffiate qn the top face, and the man draws it, together 



* , tt f 

with the lower Sections of the patterns, from the bottom 
part, the lugs, with their well-fitting pins,''enable the 
man to give'^a steady perpendicular ,lift until the patterns 
are quite clear of the mould. 

At the next stage the halves of the moulds are closed, 
standing on the bottom press board. The catches or 
snaps at the corners are released, and the flasks are 
opened dn their hinges pway from the mould, which is 
left standing on the board. This is then carried away 
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bodily and laid on the floor, and other* similar moulds 
made, so that instead of a separate flask for each mould, 
one flask suffices, and as many bottom hoards as there 
are moulds in a dajr’s worlll. 

As there is no cottaring of pins done, the moulds are 
kept closed by flat weights—one to each mould. Each 
covers the area of the mould and has a centre hole 
through which pouring is dond. They are.liftdS by 



Pig, 40.—Pattern Pi.ate fok Snap Flask. 


wrought-iron eyes jast in at c^)posite flnds. About six 
weights suffice, because they are being moved* froqj the 
first moulds poured as the pburing is being^one on the 
fifth or sixth. The JaiJ does this as the man pours. 

With regard to the effect of the pressure*of metal on 
moulds unsupported bf flasks, no difficulty occurs unless 
the moulds contain rather heavy castings. In'cases yhere 
their weight does not exceed ^bout 12 lb. there is il<5 
trouble. In heavier ones, up to about 28 lb. weight, the 
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moulda are enclosed With shoet-iron binders, which are 
B ipped over the moulds. As light castings form the 
staple in many foundries, the saving in cost and storage 
room for flasks mounts up. ^Actuallv a man and a bf y 
can put down from 150 to 200 boxes in a day, besides 

9 



Fig. 41.—Fijessee Board. 


getting the sand ready, coring when required, casting, 
and knocking out the castings. 

The illustration. Fig. 42, is drawn to give the relation 
of the box parts to the pattern plate, shown between 
them, and the top and bottom presser boards. 



Fia. ^.—Shows Kelation op Box I’aets to Patteep 
Plate and Boasds. 

r tt 

7’ools.-The small tools used by moulders, and mostly 
provided by .themselves, though not numerous, are very 
characteristic of the work done. Foremost among them 
is.the rammer, varieties of which are shown in Fig. 43, 
A being‘the usual form,of pe^ginff rammer, B another 
form, C and D flat rammers. A and Evxo employed for 
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or all the earlier stages of ramming, C and /) beim 
used only for final flat ramming, or finishing over o' 

iThtndl’ / flat rammei 

IS hand ed, a wedg« at the loVer end being driven home 

r.™ h3 "" 



A h»- ^ ^ sometimes called,»the oAer 

tL /■squiring considerable'force to use’ 

l^he smafler wire, wliiSh may be from | in. to A in in 

leading intoV^ innumerabfe holes, all 

foci The? ^®'>'^er vents, or into the gutters in «ie joint. 
foces. The larger ^;res will ran|e from i in. to | in-and 
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are used for wnting ‘down to cinder beds underneath 
flasks, and around the edges of deep patterns, bringing 
off the vents, fro^m the^ smaller channels. 

The trowels (Fig. 45) are*' in perpetual request for 



PiA. 44.— Vent Wires. Piq. 4S.—Teowees, 

' t- 

smoothing or sleeking the surfaces of moulds, fop spread¬ 
ing and'sipoothin^ Che blackening, a^(\ for mending ,up 
broken sections of-moulds. They are also employed for 
finning.ioiata of dry sand moulds, for marking lines on 



Pig. 46.2—CLBANpiE. 


sand faces, and are improvised for many purposes beyond 
those for wjiich they are legitimately designed. A is the 
cemmon heart shape, B the,square trowel, and G the 
•combinEftion, or heart anfi square form. « 

Fig. 46 is a cleaner, a tool used fes mending up and 
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smoothing the deeper portions of moulds which c&nnot 
be reached by itie trowel. 

The remaining figures (47) illustrate finishing tools. 
A is a si/mrl! corner f^reker, f Iso spelt slicker, or slaker, 
B isa, similar tool, except 'that one face is adapted for 
sweeps, hence calle<l flange corner slecKer. C is a head 
tool or smoother, or pipe smoother, for smoothing the im¬ 
pressions of beads or sweeps of that section. 1) is a 
hollow hcM. li is a spinm too'. F is a square or flange 
bead. Cf is a heml tool curVed lengthwise. TI, I, J, are 
flange tools, K, K, boss tools. L is a Button sleeker or 
Imeea bar Siiioother. M an oral pipe sleeker. N another 
pipe sleeker. These tools, with a rule and calipers, com¬ 
plete the private kit of a moulder. 

Other aids .—The general appliances, used in monlciing, 
omitting those of the nature of machines, and those not 
directly employed in moulding, are shovels, lamps, 
i-iddles, sieves, buckets, water-cans, bellows, oil-cans. 
iShrvels arc used for sand-mixing and box-filling, lamps 
for throwing'light into the darker recesses of moulds; 
the uses of riddles and sieves have been described, 
p. 23;^buckets and water-cans are used f(Jr damping sand 
and swabbing moulds, bellows for blowing away parting 
sand and loose particles, generally, oil-cans for pouring 
oil over chaplets, and on damped corners and sections of 
moulds, to prevent the metal from bubbling and caus- 
, ing scats. , These are all. provided by the firm for 
general use.. • 



CHAPTER VII 

SHRINKAGE— CUKVINQ—rnACniBBS— FAULTS 

Though the laws which gowern shnnicage ana curving of 
castingh arp somewhat nbseure and uncertain, yet little 
difficulty is experienced in making allowances sufficiently 
exact for all practical purposes. Curving, however, as a 
rule gives greater trouble than shrinkage. 

Thelinearshrinkageof all ordinary iron castings ispretty. 
consteiitly Jin. in 15 in. If, however, a casting is exception¬ 
ally light a rather greater allowance should be made, say 
-Jin. in 12 in., if unusually massive a smaller allowance,say 
J in. in 18 in. or 20 in., and in the case of a very massive 
solid casting the shrinkage appears to be almost nil A 
casting will apparently shrfhk less in the direction ofijts 
depth thap in that of its length 'or hrefdth^but this is 
appp,rent rather fhJn real> for a vei^.deep castftig will 
be found on careful measurement tb have shrunk to the 
normal extent, showing that the *ppa?ipnt diminution in 
the vertical shrinkage of shallow castifigs is^ue to second¬ 
ary sauses, ijjiief of «hich is the'springing.or straining 
upwards of the cope by reasomof liquid presstire. Cast¬ 
ings, the central portions of which are hollowed with 
numerous dried sand 'cores, and which ar^ rendered 
rigid by ribs, or which are plated over, do not,,as a rule, 
contract so much as those'in which sjirinkage is unini' 
peded, as for example in those cases where the oehtre ii 
cored with green s|i)d, or when metal is not madsec 

I 
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heavily about the centre. Thus, a gear vfheel with, arms 
will shrink less than a mere ring of teeth. Hard white 
iron also shrinks much more than the soft gray kind— 
roughly, twice 'is mu6h—and strong mottled iron occu¬ 
pies a position about midway between the other t.vo. 
When, therefore, it is stated that the-shrinkage of iron 
equals | in. in 15 in., that is given as a good average, 
in. in 12 in., as sometimes stated, is not correct for 
ordinary work, but only so for the lightest castings, for 
which it is about a proper average. . • 

Of the curv’ng of castings the barest summary need 
be given. An excess of metal in the form of a rib on one 
side of a long casting invariably induces a concave cur¬ 
vature on that side, the concavity increasing with the 
amount of disproportion. Where there are-two flanges 
of unequal thickness in a long girderTar girder-like casting, 
concavity will result on the side of the heavy or thkk 
flange. "When, In a column or pipe the metal is of un¬ 
equal thickness, the casting will go concave on the side 
where the metal is thinnest-^the direction of curvature 
being precisely the reverse of that which is witnessed in 
a gilder or a ribbed casting. Both iiets of facts are, 
however, consistent 'With one another. The explanation 
appears to be^: that in 'the column the disproportion in 
thickness is saslight, that cooling, and the initial shrink¬ 
age, and consequent curving of the thin side remains 
permaneni;, while in the case of the girder, though the 
thin flange shrinks and curves first, yet sufficient heat is 
transmitted from the heavy flange through the web to 
maintain the thin flange in a semi-plastic condition. 
.Cooling slowly therefore uhder restraint, its crystals 
remain somewhat large and its texture open, and its 
total shrinkage is.thereby diminished. Finally, the 
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heifvy flange shrinks to its MU extent, more so than 
the thin one, the shrinkage of which has been delayed 
and diminished. The heavy flange congpqijently becomes 
concave, pulling the thiit flange, still, at about its own 
temperature, convex. Figs. 48 to 61 show typical sec¬ 
tions, which, if long relatirely to their sross sectjpns, 
will infallibly become concave in cooling on the sides 
marked .4. This curvature is* termed cornier, ^nd a 
pattern is cambered to tlfe grecise amount by which its 
casting isexpected to curve, and in the opposite direction. 
It is, however, only possible to design patterns to neu¬ 
tralize the curvature in unsymmetrical castings by much 

A 

• 02 ^ A 

Fig. 48. Fig. 49. F 

Sections i^able to Cukve. 

observation of acjual eases, experiense, apd very often 
in new work, some tentative meaWes being th*e only 
guides; all depends on relatirc prop'ortions, that is on 
kngth, as well as on gross sedjion, ft.vital point which 
must be ever borne^in mind. 

The Fracture of Castings. —Iron castings 'breajf by 
reason of the unequal tension which oqours between 
adjacent parts. Aspfaeie statement this seems simple 
enough, but so many causes contribute to such a result 
that the reasons for fi^cture are not always.apparent. 

By unequal tension is’pnderstood the internal stress 
which is set up. by the skein^ge of metal dhring il4 
cooling down aftc»"pouring. This ■afiects castings in two 




'iG. SO. Fig. 51. 
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ways, one being that ^hich results from the arrfinge- 
ment of the crystals, the other that of the thick and thin 
sections whicji aje tied together in close proximity. The 
problems involved in tliese twb cases differ, and yet they 
are in some degree related. The firsf is readily under- 
stopd both ip. theory and in its practical applications: 
the second is not so easy of recognition. Castings will 
sometimes fracture in'a manner which is not rea'dily 
explained, as in frosty weather, though even then the 
reasons are generally traceable to a neglect of the two 
conditions tjambd above, crystallization, and the proper 
proportioning. 

There Is something which almost savours of instinct 
possessed by the man who is able to design castings which, 
even though awkwardly shaped, wiU not fracture, it is 
not always practicable to produce ideal desigps such as will 
' meet witih the approval of the moulder, but the latter 
can, often secure safety even in undesirable shapes. The 
drawing office should always^ keep in close touch with 
the foundry when new designs are being got out. Wasters 
would often,be avoided if this precgiufion wer^ taken, 
apart 'froin'the unnecessary exi)ense whfch is frequently 
incurred in the cost of moulding shapes, the designs 
of whiih could bep moc^fied witjiout detriment to the 
mechanism of tilhich the,y form a portion. 

Il^is’hVdly necessary to remark that erjstallizafion 
explains wfiy.sharp angles toe or sihould be avoided, as 
far as possible, in castings. Iri'ehilled castings the 
planes of crystallization are most apparent. But they 
always exist in ordinary gray iron castings, and the 
sharp angles which occur in rectangular shapes (Pig. 62) 
'ihvite easy fracture. In, curved outlines (Fig. 53) there 
are ho. sharp planes di separation. Heace curved designs 
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are not only more graceful, but stroifger than square 
ones, and the larger the curves the better. But square 
designs, with a small radios, combined with bracketings, 
are also strong. lint the brasketing sholild be continuous 
with the main b#dy of metal, and not take the form of a 
cross-tie, which is weak. Examples of the latter oecur 
iu gratings and other objects. I( the crossing-piojps are 
of slight section, and j;he surrounding poftions are 
massiwe, the former are alntost certain to become pulled 
away from the latter in some degree. JThe results will 
be similar if the ties are of large section Aid the sur- 



Fio. 52. Pw. 53. 

CeystaluzaI’ion in Castings. 


roundings slighk 4n the^^irect pulls exerci^fed Ijjj?, shrink¬ 
ages at right-angles, the lines of aleavage of t\ie crystals 
will be weak sections that will Readily part in two. But 
if a large flowing curv* is inserted, ffrm the union, 
the,shrinkage will be distributed around that^ and the 
section itself will be strengthened, because there will be 
no abrupt lines of crystallization present. *• 

But a limit soon eofues to the strength which a proper 
^disposition of the crystals affords, a limit at which 
unequal shrinkage will*tear contiguous sectio'hs asunder. 
Here a considerable expetience becomes necessafy (^. 
enable a man to design form# that will not fracture. 
The presence of .thick and thin sections in close proxiuuty 
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will not alone induce fracture. The safe condition is that 
they are free to shrink in on themselves. They will only 
fracture if thayiare tird, and bound fast, so that their 
shrinkage is thereby prevented. This, will happen if the 
casting in itself is of improper form, ou if, though cor¬ 
rectly proportioned, it is prevented from shrinkage in its 
moul^. The first is, of course, by far the most frequent, 
but the IsCvter is rather commop. 

A good object lesson in' the causes which produce 
fracture is the familiar cast-iron belt-pulley. This 
is safe if 'properly designed, excepting at excessive 
rates of revolution; but, if disproportioned, it will 
fracture in the mould in cooling, or afterwards, when 
being turned, or when being keywayed, or while working, 
all these being not uncommon mishaps. The reason 
why pulleys in particular are so sensitive is'because the 
metal is so slighf that it cools more rapidly in rim and 
arms than in the boss. The boss is the chief source of 
danger. A sKght difference ir. its thickness makes the 
difference-between safety and risk. Thick bosses, there¬ 
fore, shr^ild lievef be used on .light pulleys. Tlie extra 
thickness required^ rovnd the keyway should be adifed 
as a keyway boss. If a boss is very long it is also 
risky, and theif.^tlle*hore'should t« enlarged—chambered 
out, at-the central portion. And if the recessed pullqyis 
a loose *one,it may be bushed right through, covering up 
the chambe# or recess. 

But, after the boss, a rim too thick causes risk of 
fracture. For if the rim is thin it will become broken 
and pulled inwards by the fraetute of one arm or more, 
if, on tlje other had'd, it is thick, it will break off an arm 
or arms. For this reason again, tBe allowance for 
turning mjust not be excessive on a riih already properly 
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proportioned, else the pulley may fraAure in cooling. 

And if a rim is cast of medium thickness, even though 
it may not fracture in the mo«ld, it«is>liable to do 
so while being tpyned, wlien it arrives at that stage 
where its strength is overcome by the tension of the 
arms. 

Lastly, the arms may be too li^ht, in which case they 
will fracture under the pull exercised by the cooling 
boss. .Or they may be too hsavy, and cause fracture of 
the rim. In belt-pulleys, therefore, the proportioning 
of each part must be nicely adjusted if fracture is to be 
avoided. 

And what occurs in a pronounced degree m pulleys 
happens in a less marked extent in toothed wheels, in 
the centre castings of crane beds, and in the castings for 
crane foundations. Heavy bosses next light arms are 
ever a source of danger, and there ^omes a. limit to 
bracketing and the use of curved and filleted connections, 
beyond which fracture is Jikely to result, either during 
cooling, or tooling, or in service# It is certain that there 
are large numb»r» of ca|ting8 in n,se •which ajg^lways 
perilously near fracture, and whicjj oljly awaft the appli¬ 
cation of some sudden and unusual stress to do so. The 
effects of and the amount of»su«tf tensile forces are 
oft^n very apparenttin the bosses of tootlied wheels, fly¬ 
wheels, heavy pulleys, and beds, which jjave t» be 
divided or split with plates, to be either boKed or bonded 
together subsequently. The divided bosses are often 
drawn apart in cooling, leaving the divided portions 
f in., or even more, wifles than they were at*the time -of 
casting, an ocular demonstration of the stresses whiSh 
occur in cooling. This splitting is adopted as a neces¬ 
sary precaution, against fracture, though it ippreases J;he 
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expense and ehtails bonding or bolting, and is often 
unsightly. But it is better than a fractured casting. 

Although ina^s in c,prtain parts menaces the strength 
of some castings of the class which ^e have been con¬ 
sidering, there are many examples ip which mass is 
neqessary for strength. It occurs in tliose cases in which 
large sections being unavoidably adjacent, parts must be 
suitably proportioned. A familiar example of this kind 
occurs in spur-wheel castings. When the arpis' of 
these are made of J.-section, as when moulded from full 
patterns, these are more liable to fracture than v/hen 
the arms are of I -section, and the rim of the C- section. 
In the latter case the sections are all about equally 
proportioned, and such wheels seldom break under seyere 
stresses. „ 

In the second place, if the shrinkage of.a casting is 
artificially hindered to any important extent it is liable 
to fracture. This is especially likely to happen in large 
loam moulds, and is the reason why courses of loam 
bricks are inserted, apd why the hard bricks must 
frequenter ba partially or entirely diflqdged be’fore the 
casting lias‘arrived‘at the black-heat sta^e. Loam bricks 
in large cylinder cores are built in one, two, or three 
vertical' courseo. -.They .We also- laid behind top and 
t bottom, flanges' In both cases they yield to and are 
crushed" by the shrinkage of the metal, that'in the cir- 
cumferenti^^ .direction in 'the first instance, and the 
shrinkage in the vertical in the .'^eqond. But for this 
precaution such castings would fracture by their own 
shrinkage occurring against jun 5 rieiding bricks, more 
tlian one instance of> which the writer remembers. And 
it‘ is .often necessary to, remove even the loam bricks 
before .the shrinkage' has proceeded* far. Sometimes 
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nearly all the bricks are loosened’and thtown down into 

the middle of the core while the casting is still shrinking 

—a hot job for the labourers, b\jt a sr^fegjiard against 

the chance of fracture. ' 

► 

Some plated castings are exceedingly liable to fracture. 
If a large plate is free to shrink it is quite aafe: but i| it 
is tied with several strong webs or ribs it is not so. I 
remember some bed castings which were plated al? over 
at •toji and bottom, with only small holes to get the 
cores out bf, and several of these broke in succession. 
The trouble was got over by substitutihg ribs for the 
plates, which again were too massive, and tied too much, 
and being unable to yield much in any diredtion they 
fractured about the central boss. The better plan, how¬ 
ever, is not to plate,beds at top and bottom, but, even 
though the>top is left solid, to cast ribs only on the 
bottom. And it is usually better not to insert dried sand- 
cores in such beds, but green-sand ones only, or, wjien 
practicable, to let* the bq(l deliver its own green-sand 
cores. I remember some largg circular bottom tank- 
plates folr water^iranes which sometimes split in^radial 
direction. This’was prevented bjj^ splitting them m the 
mould with plates and filling up the places with rust 
cement afterwards. The reasomis clear. -The major cir- 
cunjiference was so,great that,the shrinkage gqing on 
round ther^ put the metal in excessive tension.’ahd^iB it 
could not move towards the' centre on the, solid metal 
there, it parted. Ue'ae, too, the shrinkage was partly 
delayed by the presence of ribs and a deep facing round 
the edge. 

Faults and Wasters .—An engineer’s specification Ibr 
the quality of caSt iron runs sufestantially as follows: 

“ The castings Sfiall be clean and sound, both extern- 
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ally and interiiftlly, aiid shall be carefully fettled and 
smoothed. They shall be free from honeycombing, blow¬ 
holes, scabs,,, cojd shuts, draws, and other defects. No 
stopping up or plugging is on any p,ccount to be per¬ 
mitted. No castings shall be made in c^en sand. Cores 
must be cast* in accurately. No more than five per cent, 
variation in weight will be allowed on either side. The 
meta^shall be remelted once in the cupola, and free from 
any admixture of cinder iron, or other inferior material. 
It shall be uniformly tough and close-grained. It shall 
be of such strength that a turned bar having an area of 
two square inches shall bear a tensile strain of not less 
than from 10,000 lb. to 18,000 lb. per square inch without 
breaking. A test-bar 3 ft. between supports, by 2 in. deep 
by 1 in. thick shall hear a cross breaking strain oi not 
less than from 28 cwt. to 30 cwt., with a deflection of not 
‘ less than.f in. or | in. before breaking.” 

I/oneycombing. —Pig. 54 is drawn to illustrate the ap¬ 
pearance of » spongy top face pf a eoliimn casting. The 
sponginess may be greater or less in extent than that in¬ 
dicated ^v ths drawing; but tlj^e general appearance is 
unmistakable, and'thq term spongy or honeycombed ex¬ 
presses exactly that appearance. The holes will range 
from the size of a*ifii}’s bead to tkat of a pea or a hazel- 
• nut. When larger, they have gone past mere spongi¬ 
ness, afid are termed blow-holes. Often, as in blow¬ 
holes, the wquet does not appear or the surface—a film 
of metal conceals a lot of honeycombing. A foreman or 
an inspector'wiU try the most minute holes with a bit of 
wire or a long pin, and often d,'8c*)ver in that way that 
a Very small hole oil the surfece will extend for several 
inches beneath the surfaoo, opening out really into a large 
blow-hole. Such sponginess is almosVinyariably found, 



SHBINKAOE-CUBVim-FBACTUBES. ETC. 123 

when 'present, on the upper surfa'ce of eastings, where 
the pressure is least; seldom on the lower, where it is 
greatest. In some positions it is of Relatively little 
moment; in others it shduld condemn the casting. 
Those parts which are subject wholly to tension, as the 
bottom flanges of girders, should never be passed if the 
honeycombing is at all extensive or deep. In the case of 
lugs subject to tension, honeycofnbing, such .as 'that 
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Hon I4YCOMBINO. 

shown in Fig. 55, i| quite condemnatory, even though 
all the resPof the casting is perfectly sound.’ Honey¬ 
combing on column flanges fs also seriouq, Because the 
stability of a colunjfl,. largely depends on flanges, and 
the strain of the bolts is liable to pull ancb. flanges off. 
Sponginess down one side of a column may or may not 
bo serious, dependent on its extent -and depth. A prac¬ 
tised observer can usually fornj a correct opinion about- 
that by probing, aftd by general appearance; but’when 








124 PRACTICAL IRON FOUNLINO 


columns have to be subjected to severe stress, it is better 
to condemn all which show any traces of sponginess. 
They can be c^t we^l if the mould is properly vented, 
the metal clean, and sufficient rise,rs put on. Minute 
cracks in columns have sometimes beep pened over with 
a hammer. 'The same practice is resorted to when there 
are honeycombed surfaces, the hammer-blows closing 
them, and smoothing the surface 
over. The most satisfactory test'for 
the closeness of grain and freedom 
from sponginess of a column is the 
hydraulic, just as it is used in the 
case of water- and steam-pipes. 

Blow-holes .—The utmost care/toes 
not always sufiije to prevent these. 
They are due to insuffioient venting 
of the mould or core, to moisture, and 
to the entanglement of air in the 
molten m^al. Ample venting aneJ 
steady pouring, with the use of risers, 
are the best praveptives of blow- 
•holes. Unfortunately, they are very 
Fio. 5().—.4 Blow- concealed by a film of metal, as 



HOLE. . • ‘in F{g. 56. Ujence the top faces of 
' all cg,stings—which can always^be 
known bythe marks left from cut-off runnersj risers, and 
chaplets—shopld be tested with hatnmer-blows, when 
hollow sound's will indicate the existence of concealed 
blow-holes, and a sharp blow will break through the thin 
film. Another way to detect theni is to thrust a fine wire 
in some of the suspicious-looking small holes when such 
are present, when it will^rften penetrate several inches, 
revealing the fact tbat'there is a blov^f^hole beneath. A 
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smooth skin will often conceal bidden faints of this kind. 
Fig. 66 illustrates an extensive blow-hole in section below, 
and its locality and extent are indicated by dotted lines in 
plan above. Such blow-holes seldofii occur, except on the 
upper portions of castings. These often extend over large 
areas without any external indication of thgir presence, 
because a thin film of metal so frequently covers and dh- 
eloses them. They exist either with, or without associa- 
tiottwith general sponginess. As they generally occur on 
the top, and as they are often completely hidden, it is ne¬ 
cessary to test alt castings along their top faces with smart 
blows from a hand-hammer. Such blows do no harm to a 
good casting; but they will cither return a hollow sound or 
break through the skin, if large blow-holes are underileath. 

Blow-holes in castings are less serious when they occur, 
in those portions subject to compression than in those 
subject to tension. A few blow-holes occurring at inter- . 
vals in the formerwould not sensibly incprease tBe risk of 
crushing; but in tbe latter they would be highly dan^r- 
ous. Blow-holes in the neiftral axis of a casting are of no 
moment.* This is illustrated by Ihe fact that holes liay 
be drilled in the neutral asis of a test-|jar, and.^^S^drilled 
bar will sustain the same load ^ a*solid bar: on the 
other hand, if the bar were turned upside down,.bring- 
ing the thinner metal into tension, it would fracture 
quickly. The fact is also illustrated by the pijultice of 
lightening out a girder along the neutral plaae. Spdhgi- 
ness on the compression side of a casting will slightly in¬ 
crease its deflection; but, all the same, it is risky to pass 
work in which blow-hojps occur, even in localities subject 
to little or no tensile stresSj because^f a casting is bloi^n 
in one place, it may also be so in another, of which no. 
indications are viaihle. 
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Scabs. —An^ extensive scab is shown in Pig. 37 at a. 
These occur on all parts of castings—top, bottom, and 
sides. They are due to the washing away of sand caused 
by hard ralnrSing, t6 weak oand, and bad venting. The 
fettlers may chip them off; but ah inspector can see 
where such extensive chipping has been done, and all 
castings that show signs of much scabbing should be 
conriemned. It is not because the scab has been cut off, 
but because its presence is a sure indication that there are 
masses of sand, corresponding in size with the scab, im- 
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bedd^jonfewhere in the body of th" casting. Such 
masses may or may not come to the surface. If invisible, 
they constitute a hidden source of danger. It is quite 
likely that the, oorrespoflding hofe or holes are not to be 
found, bping perhaps covered with‘films of metal, but 
there is nc doubt about their existence somewhere. So 
that the predenee of extensive scabtiing is quite sufficient 
to condemn the castings in which it bccurs as unsound. 

The causes of scabs are various. As just stated, bard 
ramming is liable to cause them. So also is using sand of 
_tpo close texture, or working it too wet., When ramming 
a mould, regard must.be'had to the na|ure of the casting. 
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and the particular section of the mould which is being 
rammed. Metal will not lie kindly on a hard bed, but 
will bubble, the air not getting away with sufficient 
rapidity, and babbling will resullr in tht detachment of 
flakes of sand, and«consequent scabbing. If, on the con¬ 
trary, the sand is rammed too softly, the pressure of the 
metal will produce lumpy castings. The moulder kas 
therefore to ram the sand snffic^ntly hard to resist the 
pressure of metal, yet sq, soft that bubbling ^hall not 
take place# The practical reshlt is a kind of compromise. 
The lower stratum of sand is rammed hard, and freely 
vented, and an upper stratum of an inch or ir/ro in thick¬ 
ness is rammed more softly. The metal, therefore, lies 
upon a comparatively soft cushion, which is supported 
by ft firm,' well-vented backing. The lower portions of 
moulds are not as‘a rule rammed so hard as the sides 
and top, since the gas can escape more readily from the 
latter than from the former. A hard-rajpmed mould will 
be productive of less risk in the case of a heavy than in 
that of a light casting. Another cause of scabbing is the 
leavingjof risers and feeder heads open during the actual 
psuring of met|l.' 

Choking of vents will produoe scabbing,’ hence the 
reason why the vent openings .are always closed against 
the face of a mould. Excessive moistftr^ in a mould will 
produce sqa^bing bjr the generation of steam in (juantity. 
The moisture may be due tp Overmuch wa|ering ef the 
sand in the first pla^e, or to the abuse of the swab at the 
time of mending u]p fh the second. The amount of mois¬ 
ture in a mould should be just so much a§ is necessary 
to effect the consoliSation of the sand-^anything- in 
excess of that i§ injurious. Too much sleeking with the 
trowel also is injy.riouB, and tbo thick an applica.tion of 
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blackening, whether wet or dry, followed by hard "sleek¬ 
ing, is a fruitful cause of scabbing, the blackening and 
the sand beneath flaking off at the time of pouring. 

Cold S/mfs.-^Pig. Ji3 illustrates the defect which is 
termed a cold shut. Its presence should condemn any 
casting, no matter where it occurs. TMe casting is really 
as“good as fractured where the cold shut occurs. It 
means this: that the metal has been poured cold and 
dead, or “that the metal has had so far to travel in .the 
mould that it has become" chilled; consequently, when 
opposing currents meet, they do 
not mix as perfect liquids, but 
only to a partial extent. Being 
so cold, they form a joint or im¬ 
perfect union, much like a' bad 
weld. These "are also caused by 
using poor iron with no life in it, 
or by using iron badly melted, as 
I^iG. 58.—A Cold well as by allowing iron to remain 
Shut. too long in the ladle before pour¬ 

ing. When only a moderate stress 
comes, or- thb casting, the cold> shut "becomes the weak 
link in the chain, ^hese shuts can usually be recognized 
by the founded appearance of the edges along the irre¬ 
gular groove or*fis*sure where the metals have met. 

' Draws.—These must hot be confounded with blow¬ 
holes, or with general homeyoombing. Draws are, of 
course, sourods of weakness; but tftey differ from blow¬ 
holes and sponginess, in cause and'in characteristics. 
They are not* due to the presence of air or dirt, and they 
are not, as a" rule, visible on th(6 surface. The better— 
tlpit is, the stronger—the metal is, the more liable is it 
to draw. And the draws 'occur in the ijeart of the thick- 
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est parts of the casting. They ar« due tq, unequal rates 
of cooling, and to crystallization; the outside of the 
casting sots firmly while the interior is stilly molten, or, 
at least, viscous. As the Interior shrinls, the outside 
will not yield, and So the interior metal shrinks on itself, 
becoming drawn fowards the outside metal. .Then one of 
-two things, or both, must happen: the crystallization 
will be largo, coarse, “open graihed," and prgpoftion- 
ately weak, or a cavity will^ be left about the centre. 
Given a tough, strong iron, and great disparity in thick¬ 
ness of metal, favourable to the more rspid^cooling of 
some sections than others, and the metal is certain to 
become drawn. Hence, what some people thinly must bo 
a good strong casting is a weak and uncertain one. As a 
blow?hole ahd a draw are due to entirely different causes, 
so their appearances*are quite different and quite unmis¬ 
takable. A blow-hole is bounded by smooth ^concave 
faces or edges. A hole caused by a draw always has sharp^ 
jagged boundaries,, generally of very irregular outline. 
As there are great differences in the dimensions of blqw- 
holes, soihere are in the dimensions o^hol^ caused Tby 
drawing. Blow-holes merge into mere gpongin#8^,'Hlraws 
diminish down to mere openness Sr eitreme coarseness 
of crystallization. Some holes 'due to, drawing are so 
large that two or three Angers may e’asily ho inserted in 
theill; others will barely admit a^in between the"coars 0 
crystals. Draws, lik(^ many d)low-holes, are* generally 
concealed until the casting fractures; but their presence 
is often indicated hy a alight depression of the surface 
adjacent, or by the pres^ce of a small hole lej,ding froip 
the surface adjacent into* them. Blpw-holes generally 
occur on or near* the upper surface of castings; drawtf 
may occur anywheii@>, in the bottom-as well as in the' top 
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of the mould; «n fact,’they are often more likely to occur 
in the bottom. Thus, if a mould is of no very great depth, 
and it is fed during the period while the casting is setting 
with fresh supplies of molten metal over the parts where 
the metal is thickest, drawing will be prevented. But if 
there is thick metal in the bottom, the chances are that 
drawing will take place there. On the other hand, in a 
deep ca-ting not fed, heavy metal in the bottom will not 
be likely to draw, because the superincumbent liquid 
mass will feed it; but the top metal will be likely to 
draw. 

All draws are preventible by some method or another, 
either by alteration of design, or by the adoption of cer¬ 
tain precautions on the part of the moulder. Engine 
cylinders are capital object-lessons in the drawing of 
castings. They are always made of tougb^ stiff metal, 

’ and invariably in localities where there is much excess 
of metal some may be confidently looked for. So, too, 
are large weights, such as are often-east for test loads 
and for foundry use. In such weights there is always a 
depression on tho top face, due to the iriternal shrinkage, 
and ifsuch weights are broken^ there is* always a central 
cavity also, or else very open crystallization. Again, sup¬ 
posing a girder.made like Fig 59, and tho light and 
heavy flanges %re tied with ends or with cross ribs, the 
probability is that in the vicinity of the union of the ribs 
with the thick flange theft will be a draw, as at a, and 
depressions at 6, c, c. In the case 'tof this girder, having 
a very heavy bottom flange, and pockets. A, for trimmer 
girders cast on one side, and brf ckets, B, on the other, 
there is every chance of a draw occurring in the thickest 
'part Or, if an actual, open space does not occur, the 
crystallization will be very open, ae shown at o. Tho 
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obvious alternative is to lessen the mass of the bottom 
flange and to put smaller radii in the angles. In the 
case of the column head, Fig^ 60, pitting ft straight core 
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through, the side A masses too much metal •at that 
locality, and there will be a draw at a, with probab'ly a, 
very slight circular depression of metal on the outside or 
inside,'and tjjie column will not be any .stronger—prob- 
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Draws, awd how to avoid them.*, 

ably weaker—than as if it were cored out Co an equal 
thickness, as shown at B ., 

Fig. 61, side A, shows the effect eff a heavy belt anS 
thick bracket in iombination, in»producing a draw.- At 
side!], with the beR*shown and bracket made no thicker 
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than the Ihicfiiiess of the metal in tlie body of the 
column, no draw will occur. 

In these instances ihere would not be any apitrcciable 
risk of fracture, because the top flapge is free to shrink 
inwards; but in some cases the risk of fractu ' becomes 
serious. It Is serious when thick and thin adjacent parts 
are so tied that they are not left free to shrink. Teavy 
moufdiii^’s on columns ought, therefore, always >) be 
cored out, to leave ap])roximately the sr-me sectioiv ■'t ry- 
where. 

The tendency to draw is lessoned, and the strengtl of 


B C 
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castingiinareaaed, by abolishing all keen internal angles. 
This rule °is of universal application. The evil of sharp 
angles is seen chiefly in flanges which have to take the 
pull of screw-bcKs. In Fig. 6?, the flange A would be 
almost cenaiM to fractjire when a';ider moderate stress 
only. ‘The flange B would possess the maximum of 
strength. |n the flange (7 the radius would be rather 
overdone, and the flange too thiejt. ,The two extremes— 
a very thick flange and a very large radius—would prob¬ 
ably cause, the draw shown, and produce fracture under 
less strain than that whickwould be required to frac¬ 
ture B. There is no advantage in a very large radius. 
A small radius, even less than thai< nhnnrn at 
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immeilsely to the strength. The •mere ^rength is not 
that chiefly due to the increase of metal, but in¬ 
directly to the regular or symmetrical yrangement of 
crystals when cooKn ;, whidh occurs when there are no 
abrupt re-entering angles. Wien such sharp angles do 
occur, there is an abrupt break in the arrfyigement of 
[he crystals, and it is along that line of abrupt break 
that fracture will occur. Hence i(?is a rule thal^no»lron 
castings to stand stresses sjiould ever be made with 
keen inicrnial angles. They should be filled up and ob¬ 
literated with radii, hollows, or fillets, as»the^ are vari¬ 
ously termed. In some positions the omission of these 
is not Ilf much importance; but in others their "omission 
will certair’y ensure fracture. 

It is rather fortunate that the moulder’s instinct 
prompts hiin,to insert those radii in moulds when they 
are not put on the pattern; but as he will not incur too 
much responsibility, he generally breaks the edge with a 
hollow sleeker, whicJi is much bettor than nothing at all. 
And many a flanged casting would be broken in the mould 
before ever it the light of day but fqr th^ precaution 
the “moulder takes of dijAing away s»nd from between 
adjacent flanges or ribs, and from'beftveen flanges and 
box-bars, and so permits free shrinkage to take place. 
Without this precaution, the hard sand •in-tke mould 
would prevent the fulf shrinkage from occurring, and the 
tension put on the casting by shrinkage streSses would 
be greater than the tenacity of the red-hot or black-hot 
easting. 

Lapping joints .—A cglumn which has been chipped 
heavily along the flask joints should,be carefully exam, 
ined, because that,is due to the ^hifting of the flasks’onr • 
one another, or to the bad mending-of a broken mcmld. 
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It means that the metei will be thinned along the joints 
by the amount of overlap Avhich has been chipped off. 
La 2 )ping-joints like those shown in Fig. 03 are unsightly, 
besides detracting from the strength of the casting. The 
strength being measured fiy the diminished section at a, 
instead of at b, lap to the extent shown in the figure ought 
to condemn a casting, even though a sound one. Tn 
Fig.<')3.^A is a section through a true column, and li a 
section through one which has overlapped. Some jery 
slight amount of overlap is almost unavoidable in job¬ 
bing work, for which special flasks and pattei ns are not 
made. But it should never exceed, say, in., or jV *n.. 



at' a. When it ^^becomes -J- in. or jV in., it is too much 
to be passeJ. If, jn addition to the overlapping, the core 
happens to he out of'centre sideways, then the thickness 
of metal will be still. further diminished. Sometimes 
flanges qyerlap, as shown at C. Then, if they are faced, 
their'.thickness is reduced by Ihd amount of overlap. 
If \,hey huve to bed on'stone without facing them, they 
look unsightly. 

Pressure in top and bottom .—Otfing to the marked dif¬ 
ference in the strength of cast iron in tension and com¬ 
pression,. it is usual, when practicable, to east those 
portions of work which are to be in tension in the bottom 
of the mould. All the advantage to bf derived from closer 
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metal'is thus secured* This is practicably in the case of 
girders subject to uniform stress in one direction only. 
But it is not applicable to columns on which the 
stresses are either uniform • or, if Variable, a'cting in all 
directions indifferedtly at different times. Thus, for in¬ 
stance, in columns sustaining the girders of a bridge sub¬ 
ject to side wind pressure, the opposite sides of the cfll- 
umns will in turn be in compression and tension.,,This 
will,.be due to the varying idirections of the winJ against 
the girders, producing bending of the columns to one side 
or the other. Such columns should in theory be cast up¬ 
right, with heads. But it is seldom done, because more 
costly than the usual method of casting hoijzontally. 
•Horizontal casting is prolific of several evils, unless very 
grea^; care fs exercised in moulding, coring up, and pour¬ 
ing, and in^Bubsequeut testing and inspection. A test- 
bar will give the strength of the iron in the column, but 
it tells nothing at all about the evils abowe alluded to. 

The reason why jnore porous metal occurs at the uppfif 
part of a casting than at tfie bottom, is because it is sub¬ 
ject to little pressure, while that in the bottom is ^ib- 
jeoted to a considerable liquid pressure, which effects its 
consolidation, making it closer and stronger. The deeper 
the mould the greater the pressure, and the qpunder 
will be the lower par^s of th'e casting is the 
chfef reason why *the supplementary metal ^termed 
“ head ” is cast upon much work that has t» be toCled, 
such as engine cylinders, hydraulic cylinders and rams. 
All the spongy me'taf is in the head, and when this is 
turned or sawn off, the casting below is uniformly sound 
at top as well as at bottdm. This sponginess, is always 
present in some degree on tlie top parts of all eastings’, aud 
that is why founders always try to.cast parts which have 
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to be planed or^otherwise machined bright, in the bottom. 
If the top part of a casting is machined, it almost always 
turns out spongy unless special precautions are taken, 
such as running through a' skimming chamber, or al¬ 
lowing an extra thickness to be machined off, or cast¬ 
ing several, risers or flow-off gates.' The first-named 
consists of a circular chamber set right in the way of 
the eourge of the metal, and which is so arranged as to 
impart a swirling motion to the metal, sending the lighter 
matters upwards into a riser above, and leaving only clean 
metal to pass on into the mould (see p. 155). The third 
named means that there is a slight flow-through of metal 
in the mould permitted, the lighter matters passing out 
into vertical channels or risers (see p. 160). But these de¬ 
vices do not wholly prevent sponginess. They do, however, 
effect removal of the scurf, and thal is something,-since 
the presence of this is a fruitful source of sponginess. 
But the greatermatural porosity of the metal on the top of 
a basting cannot be wholly removed. , 



CHAPTER Vni 

PBINCIPLES OF GREEN SAND MODLDINQ 

Tht^ branch embraces m-uch the largest proportion of 
cast work.done, being not only cheap, but sufBciently 
good for all except some few special purpoees. The mean¬ 
ing of the term green sand was explained on p. 6. The 
methods of moulding in green sand are broadly,elassified 
•under three great divisions, namely, moulding in’ open 
samt, by bedding in, and by turning over. By one or another 
of these, all work which is made in green sand is accom¬ 
plished. 

Moulding in open sand signifies that the mould is un 
covered on its upper face. In the closed moulds, fSi 
metal when poured is arrefted at a certain definite stag 
by the face of the sand in the top^or copp. This face cfta; 
have any contorr, irregu-iar or otherwise, but, the uppe 
face of a casting made in open sand can only be trul; 
horizontal, which fact at once limits ^the utility of open 
moulds. But in addition to this, the upjKir. surface of a 
casting majle thus Is always irregular, rough, porous, 
unsound: irregular and rough, because the het bubbling 
iron is not confined against a face of sand', but begins 
to set before the co'mmotion due to the evolution of its 
heat, and of the gases and air, has subsided—porous 
and unsound, chiefly "fob this reason, and partly bp- 
cause it is not .cast under pressure, as are all closed, 
moulds; the pressjure in these being due to the height of 
137 
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the pouring-bagin abow the surface of the mould. ‘Cast¬ 
ings made in open sand are therefore only employed for 
very rough worlr, never for ordinary engineering con¬ 
structions. Moulding flaske, back plates, foundation 
plates, core plates, rough weights u^ed only for loading, 
and similar articles are made in open band. 

'The main essential in this class of work is to have the 
mouki. .lierfectly leveh a matter comparatively unim¬ 
portant in closed moulds. Hence, either a level bejl of 
sand is first prepared, and the pattern or skeleton of the 
pattern, or sectional portion of the pattern, as the case 
may be, is'laid upon this and rammed, or the pattern is 
bedded w and levelled during the process of ramming. 
Venting is seldom done except when the sand happens 
to be of very close texture, but the air comes away jlartly 
from the upper face of the casting, partly through the 
bottom sand. 

Usually an open sand mould is made in. or J in. 
debper than the casting is required .to be, and overflow 
channels are cut around the ^dges to carry off the super¬ 
fluous metal, and to indicate the proper time for the 
cessation pf pouring. A good i3eal of work in open sand 
is shaped by the mouider himself with the aid of a few 
strips .and sweeps only, .but then it is the roughest class 
of moulded .'"tTk done.' * 

BedAiing in .—This signifies the ftioulding, of patterns 
in the sawd of the foundry floor, the position of the 
mould being' in no respect change'd from the commence¬ 
ment of operations until the time'of casting. In this 
method it is obvious that the lower faces of the mould— 
t|iose which are farmed undbrneath the pattern—will 
Eof be easily rammed, and* may be harder and softer 
in places. * 
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When work is hedded in, the. sand is dug up and 
loosened to a sufficient depth, and into this the pattern 
is beaten with heavy wooden mallets, its top face, when 
practicable, being tested bj' the spirit iSveF^usually in 
conjunction with tvinding strips. As soon as a very 
rough impression' of the mould is thus obtained, an inch 
or two of facing-sand is strewn or riddled over the whole 
area, and the pattern is beaten down again. This ham- 
mej^ng down of the pattern causes the sand to become 
harder in. certain sections than in others—becoming 
hard, it also offers a certain resistance^, to the further 
bedding down of the pattern. This consolidSited sand is 
therefore hatched up and loosened, and if neejl he, por¬ 
tions are removed with the trowel, or with the hands, 
until the pattern has been made to bed pretty nearly 
alike- all over Recesses, pockets, ribs, flanges, and such 
like, when present, have to be filled in, by tucking the, 
.sand underneath and around them with the hands, the 
smaller rammer following afterwards where posssbiS' 
When the sand is thus fammed and brought up level 
with the top edge of the patternjit is scraped and slefeked 
off, and the joint face made ready for the cbpet The face 
is then strewn with parting sand, and the cope put on, 
set with stakes, and rammed. 

Though these operations are in gehei;al outlines very 
sifnple, yet in thefr practical details they call for the 
exercise of as much skill on the part of the moulder as 
those involved in turning over. The difficulty in bedding 
in lies chiefly in the proper consolidation of the sand. 
If the sand is of unequal consistence, scabs and blow¬ 
holes in the harder portions will result, and swellings'on 
the castings over the softer portions. ' ■ „ . 

Turning orer.-jrThis signifies .that the face of the 
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mould which is lowermoct at the time of casting, is 
uppermost at the commencement of ramming, being 
subsequently turned over. By this method it is clear 
that the portion of the mould which is finally lowermost 
will he rammed as evenly and well aS the upper portion, 
since it has already been in the top at the earlier stage 
of'■ramming; and it is evident that the consolidation of 
tile sa’^'J-Over any giveii area will be more perfect when 
it has been rammed directly against a pattern, iJian 
when the pattern has been simply beaten dinrurinto a bed 
of sand. But it is also clear that since in turning over, 
the whole ‘of the mould is contained in flasks, this 
method requires more box parts or flask sections, and 
increa.ses the weight which has to be lifted by men, or 
with cranes, or travellers; and is therefore more expen¬ 
sive than bedding in. The larger and heavier the work, 
the greater the reason then why bedding in should be 
adopted in preference to turning over. In massive work, 
Tilidrefore, the preference is usually given to bedding in, 
but in monlfls of small and of moderate size, and gener¬ 
ally for work of, the best class, turning over, is the 
method rtsqally adopted. 

Figs. 64 to 67 illustrate the moulding of a trolly wheel 
by turning over. The paAtern is first laid with its upper 
face downjjgzdti bn a temporary cushion of sand in the 
flask, 4, Fig. 64, which is presently to form, the top‘ or 
cope'.' A joint face is mades which may or may not be in 
the same plaie as the joint edge of the flask, being de¬ 
pendent on circumstanoes. It is often‘convenient to slope 
the sand joint up or down when, the relative depths of 
pattern and' flask rqquire it. ^ The joint is strewn with 
parting sand. Upon this the flask B, which is presently 
to form the drag, is laid. Fig. 65, .^nd rammed per- 



PRINCIPLES OF GREEN SANE MOULDING 141 

luanently. The two flasks then- cottarsd together, are 
turned over, and the bottom or drag B is laid in its 
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Blrewn with parting sand. Pig. 66 represents the mould 
at this stage. The cope is then placed on, swabbed, 
littered, and rammed permanently with the runner pin 
in place. The flasks are then parted at the joint, the 
mould mended and blackened, cored, closed, and cot- 
tared, and the pouring basin C made. Pig. 67 represents 
the mould closed ready for pouring. 

Tht'-vext illustratiohs. Pigs. 68 to 70, are those of a 
thrir-parted mould. It is obvious lliat the groove pf-the 
sheave wheel there shown must effectually jtrevent de¬ 
livery if moulded in the same manner as the trolly wheel 
—that is, with a cope and dj-ag only. Two parting joints 
are necessary to enable the pattern to deliver, and in 
addition the pattern itself has to bo divided through its 
middle plane. Fig. 68 shows that stage of the mould 
which corresponds with the stage in the moulding of the 
trolly wheel seen in Pig. 64. The sand in A, Pig. 67, 
_form.s a temporary bedding only for the half-pattern, 
over which the drag B is rammed for-permanence. The 
flasks A and B, then cottared together, are turned over, 
A is removfd, and the sand knocked out, the exposed 
joint face of B is sleeked, and strewn with parting sand, 
the middle part roclded and liftered, swabbed with clay- 
water,* and raipmed approximatedy level with the pat¬ 
tern joinhp:’:'‘if,. 69. To sustain the weak narrow zone 
of sand which forms the pulley-groove, nails dipped 
in clay-water are rammed in— nailinj —with the sand, as 
seen in Pig. tO. The upper half-pattern is then put on 
the lower half and weighted, the sand rammed to the 
middle plane D of its flange. Fig. 69, the joint sleeked 
over, parting sand ttrewn thereon, and the cope E put 
•on, liftered and rammed. The flasks are4hen parted, the 
pattern withdrawn, the mould cleaned blackened, cored, 
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and closed, the pouring basin F made, a«d all is ready 
for casting, as in Fig. 69. 

Figs. 71 and 72 show in vertical section and in plan 
respectively the mould throSgh a column which has Ln 
made by turning over. Here t^e top and bottom boxes 
are alike. Ihe sand m the top is littered,, the mould 



A Column Moulueo by^Turnino ovrp 


bfiiifg long, i# poured from Doth ends simultaneously, and 
“tram is relieved by risers or ijow-off gates placed alJbut 
the central portions.of the mould. Chalets will be 
0 iced by which the core is maintained centrally in the 
middle part away from the core prints. 

These, in bare ontli5e,* are the §,cneral processes 6f 
ord “d of turning over. I have purposel/, in 

der to avoid confusing the mina of the student, omitted 





144 


PRACTICAL IRON POUNDINO 


to explain certain important items essential to safe 
moulding, which we must now consider. 

Ventiiifl. —Vents are variously made, according to cir¬ 
cumstances. '^Vhen a pattern is being rammed, the sand 
by which it is surrounded is pierced with innumerable 
small rent-liolcn of about in. in diameter, more or less. 
'Ibese do not properly come quite close, bnt only to 
within i in. or ] in. of the pattern. When vent-holes 
come out on the actual mould surface, there is aljvays 
risk of the metal entering the vents and fhiikhifl them, 
and, by prevw'ting the escape of air iind gas, causing a 
waster casting. All the small vents are brought into 
larger ones, and the positions of the larger ones will 
depend on the nature of the mould. For instance, when 
a pattern is bedded in, and the area of the mould is 
large, all the lower surface vents are carried directly 
downwards into a large porous reservoir of cinders, 
clinkerrf, or coke—hence termed a eokc-hed or cinder-hed. 
“ iiV this, layers of hay alternate with layers of cinders, 
and the whole is covered wfth a final stratum of hay. 
This bed is laid at a "depth of 10 in. or 12 in. beneath 
the lower face of Jhe mould, awd has a. total thickness, 
including cinders 'and" hay, of 10 in. or 12 in. Into this 
the vgnts are carried, and from it the air is led away, and 
escapes tlivongh Vent-pfpes. Pig. 88, p. 167, illustrates a 
mould.having a cinder-bed and veht-pipes. The larger 
vent-holes are made with a vent-wire of I in. or J in. 
diameter, usually at an early stage of the bedding in of 
the pattern, or as soon as the general contour of the 
mould is obtained, and before the pattern is put back for 
final ramnilng up. But after the pattern is withdrawn, 
.the vent openings, if not already closed by the bedding 
in, are filled up by the consolidation of the surface sand 
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with tlje hands of the tnoulder, which inv^iably follows 
upon the withdrawal of a pattern that has been bedded 
in. By exerting gentle pressure with the fingers over the 
whole of the surface in detail, the inoul9er*ascertains 
what sections are n«t sufficieirtly firm, and adds fresh 
sand in those parts, using the rammer for the purpose. 
At the same time he closes vent-holes whicli may yet 
remain open. On first thoughts it.may seem strange to 
make vents and then close, their openings, but tne air 
and will force their way under the liquid pressure 
existing in the mould, through an inch or ^lereabouts of 
intervening sand, to the vents, while the mfetal itself 
will be unable to do so. 

. Diagonal vents are brought from the sides of a mould 
into shallow* channels or gutters which arc cut in the 
sand, forming the joints of the mould, and are thus 
carried away at the box joints. The vents from the 
upper surface of a mould are brought off directly through 
the whole area of the upper surface of the cope sanif" 
In Figs. 67 and 69, Ihe upp%r surface vents ate brought 
out over the tops of the copes A and E respectively, 
covering &e wholh atea. Jhe venting is liherdfor* direct. 
Vents in the drag, in work which.is burned over, are 
first made directly to the patteiji face before turning 
over, and are then broufht out at the joiht which the 
under surface of the drag makes with the levSled bed of 
sand on whieli it rests. The necessary connection with 
the outside of the flasks is made by pasding a long 
vent wire from the o^side between those faces in all 
directions. The vents therefore in Figs. 66 and 67 pass 
from the lower faces of thl mould perpendicularly through' 
the drags B and B, and then tut at rigfit angles herewith,, 
on a level with the sand floor updh v?hich the drags rest. 
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The vents from the peripheries of these moujds are 
brought out diagonally into gutters cut into the mould 
faces, and the air escapes through the joints of the 
fasks. 

Sand which is rammed.hard will require more venting 
than loosely rammed sand. Free opa;i sand will require 
loss than dlose loamy sand. The red sands are so free 
and open that for m^ny kinds of light work no venting 
is reqiiired at all, their natural porosity being sufficient 
to allow of the escape of the air. In heavy worJc the 
vents may be kept farther from the surface than on light 
work. Tba more moisture present in a mould the greater 
the quantity of venting necessary. 

Retention of Sand .—Another important matter in 
moulding is the artificial binding together and retention 
of large quantities of sand in their boxes. It is clear that 
the mere ramming of a large mass of sand in a flask, with 
no other support than that afforded by the sides, and the 
■bars or stays, would not prevent the tumbling out of por¬ 
tions of that sand by concusoion, or even by reason of its 
ovn weight. Numerous devices are therefore resorted to 
in orde^” tc bind or secure it, ^oth during moulding and 
at the time of easting,. These methods are rodding, lifter- 
ing, and sprigging, signifying that rods, lifters, and sprigs 
or nails are used iii different moulds, or in different por- 
tions.of tne same mould, as binding agents. 

Rodding .—This means that masses of sand which by 
reason of their large amount of overhang cannot be sup¬ 
ported and stayed by the bars of iho flask, are sustained 
by means of iron rods. Thus, as a typical example, a 
mass of sand overhanging a fiarige will be supported by 
bods, the opposite ends of which are either sustained by 
the main body of sanddn the mould, dr upon a drawback 
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plate, or on any ordinary cast iroij ring <jr frame, such 
as those which are often used for lifting the middle sand 
in some kinds of bedded-in moulds. Itodj are used also 
in turned over moulds, in the middle flasks, which are 
destitute of bars. *rho general mode of rodding and 
liftoring middle pdrt-s is shown in Fig. 87,1). ^05, of 
square bar iron being placed across the flask and sup¬ 
ported by the ledge (.see Pig. M B, p. 96) tlj^runs 
round the inside face. Th&lifters depend from, and are 
supported upon these. Similar rods arc seen in the 
middle part in Pig. C9, p. 141. 

Lifters. —These are bent rods made both Tn wrought 
and in cast iron, the size of cross section and length 
varying with the dimensions of the work. They may 
rang? from * in. to J in. in diameter, and from 4 in. to 
24 in.-in length. TlTey rest upon the rods as in Fig. 87, 
p. 16.5, or are suspended from the box bars as in Fig. 92, 
p. 170, and are set and laid in all possible positions 
wherever sand requires support. In some few cases tHSy 
are not themselves supporfed, but simply act as binders 
within the sand^ their bent ends resisting the tendeficy 
to dialedgementsof fhe sand in mass. ,But wl^etf practic¬ 
able they should be suspended frdta, «r rest upon, rigid 
supports. Judgment is required even in the apparently 
simple matter of the putting in of’lifterjUiiilice if im- 
prd5)erly supported, 8, tumble-out of the sand and'lifters 
en masse will probably occur.. 

Sprigging or nailing .—Commpn cut nails Sre employed 
for strengthening we5k sections of sand which are too 
small to be sustained by lifters. Or the sprigs may be 
considered as auxiliary tef lifters, st^ngthemng in det^l 
the sand the principal mass of which is carried by*lhe» 
lifters. In all worl^ where there are-small isolated Iwdies 



148 PBACTIOAL IRON FOUNDINQ 

of sand, nnrr(jw weals; edges, projections, etc., long nails 
are inserted in quantity to bind those to the main body. 
The nails arc not only inserted at the time of moulding, 
but also after the pattern has been withdrawn. Should the 
mould crack or show signs of givingSvay, nails are thrust 
in to strengthen it, and to prevent'risk of the sand 
becoming washed away by the rush of metal. In the 
economy of mending mp, these nails are indispensable. 
An example of sprigging occivs in Fig. 70, p. 141.. 

Mending up .—This is necc.ssary in most cases except¬ 
ing those in w?iich the patterns are made for standard 
use, regardless of expense, and those in which patterns 
are moulded by machine. The causes of moulds breaking 
down are numerous, as, for instance, badly made pat¬ 
terns destitute of taper, of rough construction, having 
overlapping joints in the wood of Which they are com¬ 
posed; the leaving those pieces fast which ought properly 
to be Ibose, too soft or too hard ramming, imperfect 
-Vydding or nailing, insufScient or excessive rapping, 
uneven or jerky lifting. The^ are the principal causes 
of4he fracturing of moulds. 

At the time of withdrawingj^w delivsry of a pattern, 
the joint edges of-the-sand are swMed, in other words, 
they g,re just damped or moistened with the swab or 
water brusl^ih order to render the sand around the 
edges of the pattern as'coherent aS possible. Then the 
pattern is trapped, that fs, a pointed iron bar is inserted 
in a rapping'-plate let into the pattern, or otherwise into 
a hole bored into the pattern itself,' afad the bar is struck 
on all sides in succession with a hammer, so loosening 
the pattern' from actual contact with the sand in its 
immediate proximity. A lifting screw, or else a spike, is 
then inserted, several setews or spikes being used in work 
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of large dimensions, and the pattern i# lifted gently, 
moderate rapping with wooden mallets on its surface and 
edges being continued the vjhile. . 

After the patter* has been removedj the mould is 
carefully overhaubd to note the extent of the damage, 
if any, which it. has sustained. If the lift hifs been vesy 
bad and the work is very intricate, it is bettor not to 
attempt mending up at all, but to ram the pattSflT over 
agaifl.' If the edges chiedy (ire broken, it is in some 
cases desirable, as, for instance, in moulds taken from 
loam patterns, to put the pattern into place again, and 
make good the sand around the edges, pressing it down 
with the trowel and increasing its coherence ijy means 
of sjaigs and the use of the swab. If the damage is of 
quite a local character, that portion of the pattern cor¬ 
responding therewith can often be taken off and put back 
in the mould da a guide by which to mend up. . 

In sections which are inherently weak, a stronger sajid 
should be employed than* that which is used for the 
general facing of the mould; cose sand may in certain 
sections te used*wi4h aijyantage. In nfost btol^n parts 
it will be necessary, where the ma^ p*p.ttern dr portions 
of the pattern are not utilized for the purpose, to use 
mending up pieces. These are st»ips fii •waod cut Jo the 
outlines, curved or otherwise, of4he broken*seefions, and 
held againsj those sections wh^e the brokeji sand is 
being repaired and made good. 

In green sand moafding there is a process termed skin 
which is serviceable as a means of sKghtly stiff¬ 
ening an otherwise weal seetten or area of sand. It con¬ 
sists in partly drying the surface of* the mould, noUih 
the stove, but with devils or opeiScajgea containing burn¬ 
ing coke or charcoil. On a red hot weight, or qjiher- mas,s 
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of hot iron, is Suspended in close proximity to the mould 
for the same purpose. This skin drying slightly stiffens 
and hardens tl e sand, enablipg it the better to resist the 
pressure of metal. 

The mould is not finished at this stage. Its surface 
has to be protected with hlackeiiiiin or hlackiuff. When a 
mould is skin dried this is laid on before the drying is 
done.'^The use qf blackening is similar to that of the 
coal dust in the sand, namely, as a protection against 
the fierce heat of the metal. But the coar'dust being 
mixed in spiali proportions is scattered finely among the 
facing sand, while the blackening continuously covers 
the face of the mould. The blackening being made either 
of ground oak charcoal, or prepared from plumbago, is 
essentially carbon, and the immediate effect of contact 
of the molten metal therewith is the formation of a 
gaseous film of one or of both of the oxides of carbon. 
IJ^us smoothness of surface is preserved, because the 
metal is prevented from coming into actual contact with, 
and entering into the interstices of, the sand, and fusing 
its surface,,with the production of a .hard skin of silicate. 
The action is further assisted*by the boal dust in‘the 
facing sand. Hence the reason why heavy castings re¬ 
quire "a thicker coat of blackening, and a thicker stratum 
of facingnnmii, than lighter ones. , 

Wet blacking is often used on moulds of laVge size, and 
on those‘wjiieh are to bS skin-dried. This is blacking 
mixed with water, thickened with "clay, and laid on wet 
with a brush. Blacking in its ordinary state is applied 
as powder and sleeked with a, camel hair brush and 
trowel. 

' ' Pouring .—The methods of pouring o't running a mould 
are varied. Much depends on this > apparently simple 



PBINCIPLE8 OF OBEEN SAND MOULDING 151 


matter. -But in truth there is nothing in Aoulders’ work 
which is insignificant or unimportant. Prom first to last 
care in little, and to a ca^al observer, iri^al things, 
has to be scrupulou^y exercised. A trifling neglect may, 
and often does,' rjiin the work of several hours, or of 
days. 

Since the conditions of liquid pressure exist in moulds, 
several things become self-evident. Tlje pouring^asin 
must be higher than the highest part of the mould. The 
liquid press*ure on any given portion of the mould will be 
statically equivalent to head x area x sp.* gr., of metal. 
The pressure on a mould of large area will in any ease be 
very great, and must be resisted by equal and* opposite 
forcqs. T.hg area of the inflates must be sufficient to fill 
the mould before thq metal has time to become chilled or 
pasty. Also there are other matters, of a purely practi¬ 
cal character,-which must be illustrated to be properly 
explained. 

Various method^of pourjpg are shown in Figs. 78 to 76, 
pp. 155-156. A mould may be poured direct from the tep, 
or from the bottem»or from both top and bottom simul¬ 
taneously, or if may 5e poured ^froln one niae. Most 
moulds are poured from the top direct, tigs. 67,69, p.l41. 
When they are of con»iderable^depth,,oB when if is de¬ 
sirable that their sqrface or qjtin shall tfe-clean and 
smooth, that is, not roughened fii cut up by the action 
of the metal, they are run frdm the botton^ or from the 
sides. For it is epflpnt that metal rising quietly in a 
mould will not cause such damage to surfaces as that 
which, falling from a» considerable height,, strikes the 
sides in its descent, and beats heavily on the 'botto^gjof 
the mould. WhSn it is necessary that metal shalPbd 
poured from the top into a deep mould, its cutting action 
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is often diminished either by making the mould in dry 
sand, or by placing a piece of loam cake at the area 
where the .beating action is most intense, or by inserting 
a number of flat-headed chaplet nails in close pros 
imlty at that area, and allowing the„metal to fall upon 
them. 

As a general rule it may be stated that, unless good 
reascsj; exist for the contrary practice, moulds should be 
poured from the top. Iren tailing upon liquid iron re¬ 
mains hotter and in greater agitation than'iron rising 
slowly. Tjje tatter will carry up the scum and dirt which 
it gathers from the sides of a mould, allowing these 
foreign matters to lodge under projecting portions: but 
.the metal falling from above cuts up the dirt and .scurf, 
keeping them in such perpetual moyement that they can 
scarcely effect a lodgement in the mould. Banning from 
the bottom, the metal becomes chilled as it rises; but 
,Running from the top, the last iron poured is as hot as 
the first, lyhen running fropi the top and the bottom at 
opce, the first metal is led in at the bottom, and after a 
portion of(sthe mould is filled, the«top metal” is intro¬ 
duced, tailing upon metal. The dirt is thus cut up’ and 
the iron is kept hot until the mould is filled. No set 
rules‘can be laid, downifor the most suitable method of 
pouring, fecTnatter is entirely one,for the exercise of the 
moulder’s judgement. ^ 

Example?.of the simplest formssof pouring basins and 
runners occur at p. 141. These are .only adapted for the 
smallest moulds. Eor those of moderate and of large 
dimensions, the forms of the, basins and the modes of 
ruijping are modified. The .shape of a typical pouring 
’ Basin and runner is shown in Figs. SB and 89, pp. 166 
and 169. Though a fough-lookjng affair, every detail is a 
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matter of design. First there is a’depresiton at 0. This 
receives the first inflow of the metal. It there were no 
such depression the metal of being poured from the ladle 
would flow at once, into the mould, anias some slight 
adjustment of th(^ladle is necessary before it is ready for 
emptying a full stream, a few drops would* be running 
in during the making of such adjustment. These would 
form cold shots in the casting. Also, the iron frSWig for 
a considerable time upon *a ted of sand would cut it up, 
and wash portions into the mould. But the depression 
ill the basin receives and retains the firsf fei* droppings 
of metal, and forms a shallow reservoir into which all 
tlie remaining metal falls as in a bath, prev&iting the 
cutting up .of sand. Only when the depression is filled 
does the iron begin Jo flow off in a quiet stream into the 
mould. As soon as the depression is full the remaining 
metal is poured very rapidly into the basin urjtil it is 
nearly level with the brim, and is kept filled until |b,s 
mould is quite full.* This i% necessary in order to prevent 
any dirt or scurf which may happen to pass the skimmer 
from enfering the mould with the met^. A»long as the 
basin is full, the dirt floating on ^he Surface* toI not be 
carried into the ingate. For a similar reason the surface 
area of the depressed portion isi made •suflSciently large. 
If were small it isould not hold much ffibtal, apd the 
scurf would be more likely to become sucked ifito, the 
ingate. 

These pouring hasms are made chiefly by hand. A 
small middle flask, or a frame only, is laid upon the 
cope, and swabbed witfc ^jlayjs'ater, the runner pin put 
m place, the sand rammed with h pegging' rammft, 
central portions dug out and then rounded and moulded' 
to the proper forili witlj the hands. All sharp corners 
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which might Wecome Washed down by the rush-or pres¬ 
sure of metal are scrupulously avoided. 

In spite (if every preeauticjn in the manner of pouring, 
particles of dirt which accumulate from the metal in the 
ladle, and from the sand in the basin,, gain access to the 
njDuld. In‘castings which are not turned or planed, 
the slight contamination thus caused is not of import¬ 
ance on turned or jilaned faces the slightest specks 
have an unsightly appearance, and in such work vftrious 
devices are made use of to obtain the cleanest faces 
possible. , 

In steam and hydraulic cylinders, in pumps, and work 
of this clhss, a belt of lu-ad metal is cast on, into which 
the lighter matters rise, and this is subsequently turned 
off. On largo flat upper surfaces an extra thickness of 
metal is allowed, to bo planed off afterwards. Or, several 
risers are placed over the surface, and cut off. Lastly, 
tjie mode of running is modified, the metal being led in 
through a skimming ehamher^ This ihcthod is shown in 
Fig. 73. Here B is the ingate, and C, D, the runner. 
Plight ii^ tliae conrse of the runner,swlBcli is purposely 
made of tiie indil'ect form shown in plan, there is a 
capacious chamber. A, made by ramming up a ball or a 
disc iff the mould. Over the chamber is a riser, B. As 
the mptal oUT&ins entry through the first portion, G, of 
the rufiner into the side of this chamber, A, it receives a 
rotary molio,n, as shown by the arrows in plan view. The 
effect is to throw the heavy metal to the outer part of the 
sphere, leaving the scurf and inferior lighter metal at 
and about the centre. The ou,tev metal passes into the 
ro^ld by the ingatd 1), F, a»d the lighter matters float 
'upwards into the riser & This riser need not be added 
in very small moulds," the ehamjier irf itself being sufS- 
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ciently capacious; but in large moulds eAough dirt will 
accumulate to fill it up to the brim. Fig. 74 is drawn to 
show by contrast with Pig.^73 the wrong»way to make a 



Pio. 74.— iNco^tjJT Form or Skimming Chamber. 


skimming chamber. Ifhe runner entering and leaving 
the chamber in a straight ff'ne, Fp there is .no rotary 
motion set up in*the metal, ani^the chamber is uselelBr> 
Sometimes a di«c is used in the smaller moulds instead 
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of a ball. Thft workman usually speak of the employ¬ 
ment of skimming chambers as running with a ball, or 
running with a^nc. Figs. 75 and 76 show the pouring of 
a cylinder cover through a disc, A. B is th% ingate, C 
and D risers. C being over the disc and ^ over the casting. 



^’lo. 76. 


POUEINO J CvLINDER COTEB. 

fit 

The area of ingates should be in .proportion to the size 
of the castings. Castings are light or heavy, thick or 
thin, machined or left rough, and .all these points have to 
b^onsidered in determining, the sizes, positions, and 
einJracter of runners. Tl^in and light castings should be 
poured from several thin runners, or &om a spray. Fig. 
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77 shows a thin runner stick of ^the tyj^ which is em¬ 
ployed for pouring thin pipes, etc. A heavy runner would 
draw a light casting, and probably cause fracture. The 
great lengtjj of runner is gi*/en to compensate for its nar¬ 
rowness, a large arSa being nScessary for quick running 
of thin cast'ugs. ‘Fig. 78 shows a pattern sp^ray of run¬ 
ners, A , ready for ramming in situ, against pattern 
also used for the pouring of thin light castings, ^ total 
area of entry being large, ^hilc the spray itself is readily 



Fjr.. 77. — If^NNEB Stick 




Pig. ?9.-Runner 
Pin. 


Fiq. 7J—S#®A.T. 


detachable after casting. Althojigh heavy castings will 
require runners of larg?area, it Is bettJr,'(is far as prac¬ 
ticable, to ^employ several rnilners of moderate area 
rather than one or two of laygif size. Thus the ruBner 
pin shown in Fig. 79*which is the most cdtnmon form, 
is not so good as thB (Along ones in Figs. 80 to 82, being 
liable to cause a draiu in its immediate vicinity. Eunners 
of circular section are iiost often used, but those of flat 
and oblong sectiop are in Aany, perhaps in most ct®^ 
preferable to the ^round ones, because they are more 
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easily and safely knocked off and chipped from the-cast¬ 
ing. There must in any case be sufficient area, because a 
casting poured,i,too slowly will probably show cold shuts, 
that is, imperfect union of thb metal in some sections. A 
mould poured too rapidly will become unduly strained, 
and perhaps blown and scabbed. A light thin casting 
cannot be poured too rapidly or the metal be too hot; a 



Fio. 81. 

ISQATES AND ElJJJNBKS. 


heayy pasting must be poured slowH, and the metal must 
be Aead. * 

In cases Where castings have to be machined the run¬ 
ners should^ be kept as far awa/ aB possible from the 
machined parts, as the metal is always dirty and spongy 
in the immediate vipinity of a ‘runner. 

80 to 82 illustrate two exampleaof running at the 
side of a mould. In each case A is th^e ingate and B the 
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runner- The pattern rngate, and the pattern runner are 
each ratomed up m place, and the* runner B in Pig 80 
la then withdrawn into the mould in the direction of the 
arrow. In Pig 82 the runn.r stick is dra^n Ih the op^ 

I being temporarily dug away^be- 

hiiid for the purjaise. Pig. 81 shows a loam cakJ D 
rammed in the mould, being better adapted'than gredh 
sand in a heai^ mould, to withstand the cuttingactiot 
of the iron as it passes from A into 7?. 

1’ ig. 170, j). 251 illustrates t^e pouring of a large mould 
suitable also for cylinders ’ 

cast on end, through an an¬ 
nular pouring basin. The 
pietal is poured in the de¬ 
pression Zi* at the right 
hand,, whence it overflows 
into the annular basin, and 
then falls through the I'- ) 




Fio. 82 .—Inoaie AND 
Kunnee, 


runner passages 
around the basin! After* 
the mould is filled, any 
surplus metal runs off at M. 

Fig. 88 shows the external appewanoe of a mould after 
t has been poured. Here A. ^ arg the pouring bashis S 
the ingates, B, B are the flow-bff gatSs/ tL drTwinc 

the7oin?.' af 

tow nf'vfbeciftise the sum 
of shrinkage will be greatest where the greatest mass 
metal is situated. Since the outer skin becomes chilled 

Jater shrinkage goes on Within the mass 
naturally will produce a spong/a^d open c’astinu.^ 
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prevent this, t^e casting is fed. Ih some cases the head 
cast on to receive the scurf or sullage is made suffici¬ 
ently large and massive to do duty as a fteder head. The 
nia.Rfl of me'cal'which it contains must then be sufficient 
not only to remain liquid until afttr the metal in the 
mould has set, but also to exert considerable pressure 
u{)on the mould, feeding and consolidating at the same 
time.^ • 

A feeder head proper, however, is distinct from head 
metal, consisting of a basin or cup of metal somewhat 



like a pouring basin, in fact a pouring basin is often 
utilized as a feeder head, as in Pig. 84. A feeder head 
must be placed 'directly over &at particular portion, 
boss, lug, etc" the shrinkage of the mass in which it iain- 
tended to,compensate, and its capacity must be so great 
that its metal shall remain fluid 4fter that in the boss, 
lug, etc., has set. 

Ihefeediiig ot pumping is performed by getting a 1- in. , 
or f in. iron rod red hot in themblten metal in the ladle, 
immediately this pouring has taken place the rod is 
inserted into the feeder ^ead. Fig. 84, and a vertical dp- 



II 
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and-dov/n movement o'f the rod ii) the metal is com¬ 
menced, taking care not to touch the actual mould. The 
effedt is to create an agitation or movement ip the molten 
metal, and to keep a passagi clear into the heavy and 
still molten central mass, in order that until it becomes 
actually set, fresh and ample supplies of hot metal shall 
enter from the feeder head to compensate for the loss 




due to interior'shrinkage. Im large 
masses tit ps necessary to supply 
1 added hot metal from a hand ladle 
to the feeder head. The j)umping 
continues until the metal thickens 
and clings to the rod, when the 
latter is struck sharply with a bar 
of iron or hammer to effect the de¬ 
tachment of the clinging portions. 







Fib. 81.— Peediho. Pro. Fipw.-ori' GaA. 


Finally the njetal becSmea so vrscous that little more 
shrinkage will take place, and the deeding ceases? 

Risers.—In mouldb o{ considerable area, risers or flow- 
off gates are employed; *Their function is mainly, to reliaye 
the cope of excessive strain, which in their absence 
would cause injury to the mhnld. There is an enormous 
pressure on a cope, of several square feet in area, and 
though the flasks aje made stiff and strong, and wqll 
•m 
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loaded, this i.ressuro would, and often does, eause a 
thickening of the central portions of the castings to an 
extent of J in or t in., due to the rising up or springing 
of the cope under pressure, lasers relieve it partly, though 
not entirely, of pressure, but they also allow of free f xit 
of the air and gas, which would otherwise be confined in 
the mould, and cause scabbing, 'fhe risers should pro¬ 
perly bo kept closed \.'ith plugs of clay oi- sand until the 
mould is just upon the point of filling, when the plugs 
are instantly removed, and the pouring stil' continuing, 
the excess of metal is allowed to flow off quietly outside 
the flask. Fig. 85 shows one of tlu'se flow-off’ gates, the 
metal flowing away over the sloping bank of sand. 



CHAPTER IX 

EXAMPLES OP OREHN SANJ) MOPLDINO 

We are now in a position to consider some examplos of 
green sand moulding aftbrJin^ illustrations of the varied 
work which calls forth the best jiulgmcnt.of the jobbing 
niouldcj'. h’igs. 8(1 to H!) are illustrations of "the mould 
made for an anvil block of four tons weight. It is an 
example of a deep and heavy mould. Though tliis is not 
a case of bejlding-in, pure and simple, it illustrates the 
manner in which methods are modified in order to suit 
individual and special Jobs. 

To begin, the toji of the block mu-.t lie sound, and that 
is therefore cast in the bottom. It is a deep mould, and 
there is a core. A, In the bottom for the antil, there is 
also a great disci'e])aucy in the diftonsions of the smallfer 
part of tlie block />’f on .which the anvul resisaaud the 
base C, which is embedded in concr«te. .For these reasons 
the method of making the mould which is here shown 
was adopted. The whol^of the stem JJ \«is’madc in flasks 
in dry sand. The method of mipportiug the sand in 
middle-part Loxos by means of rods and lifterf^is shewn 
in perspective in Fig. 87. The flask D was parted from E 
at the joint a —a, fer eonvenience of placing the core A 
in position, but E, F, O were permanently "cottared to¬ 
gether to form one miMlt. Blocks of wood were neces¬ 
sarily interposed between K and F, to allow of the entranSe. 
of the runner F' to the mould, lihis. portion of the mould 
163 
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was made, dried, cored, and finished first. Then a pit was 
dug in the foundry floor, a coke bod, H, laid down at the 
proper depth, Jsand rammed and rented over it, and the 
box parts D, K, F, G all cottared together, were bedded 
down level thereon, their vents passing down to the coke 
bed H, and" thence out through the vent pipes I, which 
are rough pieces of cast iron pipe of 3 in. or 4 in. dia- 
metel’, iieaching from‘the bed to the surface of the floor. 
The space encircling the flasks was then filled with sand, 
and flat-rammed level with the top edge L. “The pattern 
being jointed at J and at K, as a matter of convenience, 
the portion from J to K was placed back in the mould, 
and the base C, dowelled by the face K, was laid in posi¬ 
tion for ramming, which ramming was continued to the 
top edge L. 

The cope M being perfectly plain was not rammed in 
place, but upon a levelled bed of hard sand, being liftered 
and vented all over its depth and area. A few lifters 
depending from their bars are shown in section at M', to 
illustrate the method of liftering. While the vents from 
the stem P go down into the coke bed H, those from the 
base C pass out through the cope M. 

The manner of pouring was as follows. There was one 
pouring basin. N, for running near the bottom, and one, 
0, for the main running at the top. The purpose of the 
runner A" is simply to fill the lower part of ihe mould, so 
that the metal falling from the top at 0' shall not cut up 
the sand, but fall into a pool of metal. A four ton ladle 
was used at 0, and a one ton at N, thus allowing a ton 
for heads ajid basins. The pouring commenced at 0, but 
merely to steady the ladle in^position, and fill the hollow, 
0, of the basin. As soon as this was done, the ladle at 
N was poured, the plug P being kept in place until the 
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basin was nearly full, when V was removed, and the 
metal entered the nionld. Immediately it had entered, 
the filling of ^)ouring basin O began, and when nearly 
level, its plugs,, P', were removed, an,d the metal was ’•un 
into the mould rapidly. The fact of its being filled was 
indicated by the fiow-off at the risers Q, the plugs for 
which (not shown) were removed at that instant. After 
the east, feeding was performed at the feeder head, II, 
The area of the runner .V' was 3 in. x 1 in., that of O', O'. 
6 in. xir in. At the opening of each ingate','Af" and 0", 
loam cakes were imbedded in the pouring basins to sus¬ 
tain the pressure of the metal, sand being liable in heavy 
easts to 'become cut up and washed away. The object 
of the flasks ,S', enclosing the ingate N", at the section 
where the ingate come.s in very close proximity to the 
base, is to prevent a probable washing away of the inter¬ 
vening sand, T, which is a casualty to be guarded against. 
The pressure is in such cases enormous. 

To avoid,confusion, no weights are'shown on the cope. 
By calculation the pressure on the cope should be as 
follows: t ' 

Area of surface- C, Figs. 86 and 88, '5 ft. 0 in. x 4 ft. 
G in. Height from face of cope to level of pouring basin, 
about 18 in. T,he,p GO in', x 54 x 1,8 = 58320 in. 58320 in. x 
•263 = 15838 lb. 1.5338 lb. = 6 tons 18 cwt., statical load 
required, including copq. Actually 8 tons of weights were 
used. ^ , 

The flywheel mould shown in, the succeeding figures 
is an example of a type of work by which the cost of 
pattern-making is much lessened. Instead of making a 
complete pattern, a process ,pf sweeping up and of sec¬ 
tional moulding is adopted. It cannot properly be called 
bedding in, because there is no pattern, neither does it 




1^10. 80.—Mould for Anvil Block. 
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come under tfee head of turning 'over. It resembles in 
the main bedding in, even though there is no complete 
pattern used,^ecause the work is moulded in the floor, 
and a cope is the only flask used. The method is one 
which is often' adopted In heavy ifcork of this genjral 
type, such as rectangular bed plates, find circular bases, 
even when the internal portions happen to be somewhat 
intrigate, intricate p^irrions being readily formed by 
means of cores. 

A coke-bed should properly be laid down ,for this, un¬ 
less the rim iKippens to be narrow, in which case venting 
over the bottom, and diagonal venting therefrom to the 
mould jqint will answer the purpose. In any case the 
cope is rammed before the lower face is touched, as 
follows: • 

A bed of sand is rammed hard, find levelled with the 
foundry floor, and the striking board A, Fig. 90, is at¬ 
tached 'co the strap B and the striking bar C, the socket 
I/of which is bedded in the floor. By comparing the edge 
of this board with the patterh segment. Fig. 91, its coin¬ 
cidence with the edge'of the segment is apparent. The 
board therefore strikes a reverse mouhk upon which the 
cope. Fig. 92, is laid'and rammed, a stratum of parting 
sand .intervening. The reason why this method is adopted, 
instead of striking the' cope direct, is that the precise 
ultimg,te position of the cope fdr casting is secured 
thereby.»If the cope were struck separately, and put in 
place by measurement, it would b'g much more trouble¬ 
some to set it with accuracy than' w'hen it is rammed in 
place; for ft is not a case of fitting of flasks with pins. 
The cope has to be,laid upon 'the floor, and then the only 
setting which is available is that done with stakes of 
iron driven into sand, Jig. 97, D. Eejturning the cope to 
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its original position by means of tbc stakes with which 
it was set for ramming, is simpler and far more accurate 
than strikingit first and setting it afterwards. Before 
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the cope is raminod upon the bod several things have to 
be noted. 

Looking at the section through the flywheel rim, Fig. 



Pia. 91 .—Pattern 
Seumisht. 



Fm. 92.— Core. 


93, it is clear that the formation of 
the face of the cope mmst take one of 
two directions. "It must either coincide 
with' the upper face. A, of the rim, 
and with the horizontal central plane, 
B, of the bosses, or it must remain 


entirely continuous with the rim face, 
4, A'. The cboicf between‘ the two methods is de¬ 


termined by the formation of the up^rer halves of the 
bosses, and of the prints which carry the arms. Tf the 
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mould'jpint were Hliouldered d-o^n to ke continuous 
with the centres, B, of the bosses, then Fig. 94 would 
show the joint face in section, and theij it is evident 
that as many half J)osses and half prints as there are 
bosses and arms in the wheel would have to be laid 
upon the reverse sand bed struck by Ibe boasd A in Fig. 
J6, and in precise coincidence with the positions which 
the lower halves of the bosses and prints are afterwards 
to occupy, and that the cope WMuld be rammed over them. 
It would not be easy to set these bosses correctly. Nor 
is it advisable to lift the cope sand awrfy from a deep 
shoulder. A. Fig 94, such as that against which the 



Fio. Da. -Section Iiq. 94. —Alternative 


OR Him. Jointing of Cope. 

bosses would have to abjjt. Hence the reason for*the 
adoption of the method illnstratg^ in these figures. 

The tower halves of the bosses wUhin ^lie rim are 
fornled by ramihing directly from the pattesn* segment, 
Fig. 91. The upper halves "are m’ade'in cores, the out¬ 
lines of which are showji dotted'in Fig, 9^. In this case, 
to,give sufficient sand in th^ core above the beading 
on the boss, it happens to be necessary to increase the 
height beyond that pf the top face of the fim. *ThiB 
slightly complicateiitnatters, because the thickness of the 
core C, Fig. 93, standing above that face, has to enter 
into a corresponding*print in the cope.. Hence six 
prints of thickness C, and qf the same length and breadth 
as the core, havd to be measured carefully into place on 
the reverse bed struck by the boai'd .4, Fig. 90, in' order 
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that their impressions may be imparted to the cope 
sand at the time of ramming the latter. These prints 
are shown m section, Fig. 92, B, and in plan. Fig. 95. 
Ihey are set by a circle corresponding in diameter with 
that of the inside of the rim, and their centre lines are 
made to coincide with the intended centre lines of the 
arms marked upon the bed. They are prevented from 



becoming shifted during the process of ramming, by means 
of common cut nails driven, down alongside of them into 
the sand. In this position they arc rammed and their 
impressions obtained in the cope. The cope is liftered, 
Fig. 92, rammed, and vented precisely as though it were 
abQve a pattern, and it is then lifted off, taken away, 
turned over, and any broken edges mended up. 

Then the second striking board B, Eicr. 90. is lioltAil tn 
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the strap at such a height that its joint e^ge A coincides 
with the joint edge E in Pig. 90. ^he lower edge C coin¬ 
cides with the lower face of the rim, so forming the bed 
upon which the pattern segifient, Fig. 91, fs ta rest. The 
corner D coincides i;fith the external diarieter of the rim, 
as shown (lotted; tir it may, if preferred, be of a larger 
diameter. The edge of which D is the termination, is 
made diagonal, because if made perpendicular the sand 
would tumble down—being made as it is, the segment 
pattern. Fig. 91, rests upon the bed struck by and the 
sand is rammed both on the external and irUernal sweeped 



Fio. 96.— Bottom Steikino Board. 


facea of the segjneiftal pattern. The positioi! which the 
segment has to occupy in relation 40 the swept-np bed is 
shown by its dotted outline given in the figure,. The 
edge E, it will be seen^ correspbndsi with’ the upper face 
of the rim., 

The bed is made as though ‘for a bedded-gn mauld. 
The sand is rammed.liard in the lower portions and well 
vented, and the vent* closed with the fingers. A more 
open stratum of about an inch in thickness is lightly 
rammed over this surfaioe and eqnsolidatbd with the 
fingers, the boacd being ’swept around several times, 
until an evenly rammed, well-t’ented, and smooth bed 
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is produced uijderneatli those portions which will be oc¬ 
cupied with the rim, aind to a little distance without and 
within the same. Then the board is removed and the 
pattern segment laid down for ramming. This segment, 
Fig. 91, has the same section as 'the rim. Two -lalf 
bosses, ,1, .1, are fastened upon it veVy exactly at onc- 



sixth yf the circumference. Pj-ifits li, B, occupy the 
positions.of the complementary halves. Ample taper is 
given to these prints, as shown. The segment is laid in 
the position seen dotted in Fig. 96, and rammed. The 
circumferential position of the segment at each remove 
is governed by the bosses, the boss near one end being 
.dropped into the impression just made by its fellow at 
the end opposite. The' precise lengjh of the segment 
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extending beyond the hosses is not of imBortiince. It is 
not at all necessary to ram tlio sand over the whole of the 
internal area, but only sufficiently far inwards to afford 
a backing for the rim moftld, and for c’bosses and 
their prints. This fs seen in Fig. !)7. At, and near the 
centre also, a spftce must be left for the small flask 
containing the boss mould. 

We now leave the rim for awhile, to note tbej)repara- 



tion of the boss. This is rammed from a'complete pat¬ 
tern in a small flask by itself. * Fig*. 9*8 shows the joint 
face of the U)wer halT of this flask in plan. As thg arms, 
which are cast in, have to corae through the flask Jclints, 
these joints are left qien to an amount sufficient for that 
purpose, blocks of wo5d. A, being inserted at the corners 
at the time of ramming^ to keep the flasks at the required 
distance apart. The san’d therefore stands above ^he 
joint faces of th& flasks in* both top and bottom parts, 
reaching to the centre of the arms. This explains the 
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reason of the eloping joint indicated by the shading. 
The ramming up is quite simple, and is done in dry 
sand. f 

After the'boES mould is drifed, it is set in the centre of 
the rim mould, Fig. 97, its position f)cing checked botn 
radially and horizontally, the rule, Straightedge, and 
spirit-level being used, and the print impressions for the 
arms in pim and boss are all brought in lino. 

The cores which form tl}e upper halves of the bosses 
are made in the box. Fig. 99. 

The arms are formed of malleable iron bar cut oif in 
suitable lengths, and cither jagged, or fullered. Fig-100, 

.OEffl] 


Pig. 99.—Couk Box. Fig. 100.—Follebing op Arm. 

near the ends, to render their hold mqre secure than it 
would be if left smooth. 

They are now spt in tfieir places, both in the boss and 
rim. Fig. 97, A, A showing the relative positions of arms 
and mould at this- precise stage. All being thus set in, 
the cores forming the top halves of the bosses are laid in 
their prints. Fig. 97, one, 6', being shown in place over the 
arm B. Then the cope being returnlfed to the. position‘in 
which it was rammed, by means of the guidance afforded 
by the stake's. Fig. 97, D, these -cores are confined 
securely, their upper portions, of' the thickness, C in 
Fig. 93, entering into the impressionB formed by the 
prints in Fig. 92, H, and in Fig. 95. This particular 
examplaeillustrates a 7 ft. flywheel, of-14 cwt., and six 
tuns of weights were used on the cone. The pouring 
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took place at two basing and the metal was fed at four 
risers. 




FlO. 101.—qENTEE CfeOSS CaSTINO. 


would cool at once, aid, setting firmly, oppose the 
inward shrinkage of the rim by setting up the resistance 
of the rigid arms thereto; *and the consequence woul^ 
be that, since shrinkage musl occur somewhere, the i;im 
would become fraetiyed. In this case the rim was cast 
• N ' 
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twenty-four h^urs before the boss, and when its shrinkage 
had very nearly ceased the boss was poured. It was 
both poured end fed through the ingate. 

The casting in h’ig. 101 was moulded without a com¬ 
plete pattern, three of them being made by the methods 
to bo described. It formed the base or pivot upon which 
the superstructure of a big crane revolved. Fig. 101 shows 
the casting in elevation and in plan. The central boss A, 
being large, 2 ft. in diameter by 4 ft. 8 in. long, would 
have been an expensive job to lag up in wood. It was 



Fm. 102. - SwEiii’iNG Board 
FOR Boss. 


£ 



Fio. 103 .—Loam Moui.d 

FOR Bo.^s. 


therefore struck up in loam and sunk into the floor pre¬ 
viously to the ramming up of the cross. Fig. 102 shows the 
board used for striking the boss, and Fig. 103 the loam 
mould of the same. The part A in Fig. 102 strikes the 
straight part 2 ft. in diameter, the part B strikes the 
collar; the length of C is equal to the length C, 4 ft. 
8 in. in Fig. 101, and D strikes a print for the end D of 
the central core E. 

The loam mould of the boss is built up of bricks 
laid radially. One course is sufficient, because although 
the strain on the mould when pouring is great, the bricks 
are rammed tightly round with sand. When the mould 
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of tlie Ijpss is struck iind dried, it ,is set ii! its permanent 
position, and before it is rammed around, the top is 
levelled. A parallel straigjit-edgc is placed across the 
face E and a level is tried u])on it. The ^straight-edge is 
laid in diiforent direction.s in turn, and adjustments of 
the mould are ma3e, until it is horizontal. If this were 
not done carefully, the boss would be cast out of truth. 

Before commencing to ram the cross, coke beds have 
to bo laid down underneath* the horizontal flat-plated 
portions of‘the pattern (see Pig. 108, p. 188). Coke or 
cinders are laid down there to a depth dT, say, 5 in. or 



0 in.i^nd covered with an inch or twffof hay."It is not 
necessary to lay these down beyond the Jirea of the plates. 
Their purpose is to receive the rents t^iat go down from 
the flat webs. Vent pipes are bj'ough’t up obliquely from 
the’ beds, oie from each bed at the outer end. • These 
details are seen in Pig. 108. 

The half pattern from which the cross is moulded is 
shown in plan in Fig. lOl, the timber shading indicating 
how it is constructed. TJie vertical ribs are screwed upon 
the plated portion, the screws passing through the ^i»te 
so that they can be removecf'when the pattern is rammed* 
up. The strips th%t form the plate are halved togfether 
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next the bos8.“ The pieces which form the broad feet 
are glued and screwed on separately, and their brackets 
also. The hah' boss is formed of two pieces fitted be¬ 
tween the vertical ribs. The top face of the boss on the 
pattern terminates with the line x—x in Fig. 101, which 
is coincident with the top face of the loam mould. 

The coke bed having been laid down, sand is thrown 





^ ' '• .r -‘ . . % 


Fig. 1C5.- -Settiwo Pattfen into Mould. 

loosely all over it with the shovel* up to about a suit¬ 
able levef for bedding the pattern into. The latter will 
have to be "tried in two or three times until it has a 
good bedding in the sand, and with enough sand around 
its edges to hold it securely in pj^ce. At this stage, and 
bsAJre th6 bulk of ‘the rammmg is done, it is levelled 
carefully and set centr^.lly upon the lham mould of the 
boss.' It is levelled by laying a parallel straight-edge A, 
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Pig. 10§, across it in various dirisctions* in turn, and 
placing a level upon the straight-edge. According to 
the indications of the leve^ one portion >of Jhe pattern 
is beaten down an(^ another raised up by tucking sand 
underneath, untilj in whatever direction tlie straight¬ 
edge and level are placed, the level shows the horizontal 
truth of the pattern 

The half pattern is set centrally by laying a straight¬ 
edge B along the centre ef the loam mould C of the 
boss, and bringing the central joint edge of the half 
pattern up to the edge of the straight-edge. ^ The half 
pattern is now ready to be completely rammed. 

Obviously, inacase like this the sand cannot b« rammed 
underneath the flat plate. The latter is therefore un¬ 
screwed from the vertical ribs at an early stage of the 
ramming, which is easily done, because all the screws 
which hold the two together are put in through the 
plate into the ribs. This plate is unscrewed as soon as 
sufficient sand has J)een raijpmed around the ribs andtlie 
boss, in order to prevent the possibility of their being, 
moved oat of place by further ramming. Tht^ ramming 
is thcs completed in detail up to the level of.tfie under 
face of the plate, the sand being stricRled off level with 
that, the top edges of tl^ ribs tenishi^g jfie guides for 
the operation. Before the stickling off is done, the 
venls are carried down to the coke bed beneath, a long 
in. or in. vent wire being used. These fents are 
pierced pretty thickly, say 1 in. apart, going from the 
top of the mould down lo the cinders. These.are carried 
all over the area coverjd by the plate, and some are 
taken down a little way oulside the ribs. Then'thes^hd 
18 finally tried over with the fingjrs, the damaged faces 
made good, and tlje whole strickled over level with the 
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tops of the ribs. Fjnally the plate is screwed on in 
place, and the ramming is carried up to its edges and 
to its top fate. As there ris a good depth of sand, in 
consequence of the depth of the ribs, rods are driven 
down, going well into the bod below (o support tho sand. 

- '<b- : ' 6 » . 



W ' ct 

Pig. lot). —Setting i’attern' fok Shcond Po.sition 
• OF Mon I,D. " 


At this stage it is most convenient to ram the cope. 
This is perfectly plain, so that it might be rammed on 
any levelled bed away from the pattern; but it is better 
ttl'ram it over the‘half ])attevn, because the cope can be 
returned into its position, guided by (he stakes, with the 
top print impression cen Iral. To ram the cope in position, 
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it is ncfiessary to fill with sand all Jhe arel not occupied 
by the half pattern, for the temporary 
purpose of affording a perfectly level 
bed to ram on. Thij sand is strickled 
off level with the ^alf pattern which 
has just been rammied, the top face of 
the pattern affording a suitable guide 
for the levelling. Parting sand may 
be strewn over the face scr obtained; 
but it is better to lay sheets of brown 
paper over a large surface of sand 
which has to be rammed on, because 
it does not yield so readily as the sand _Boari> 

beneath the_ rammer, and the surface striking • 

therefore comes oi^t more free from Oe.ntkai. Cobe. 



inequalities. The cope is w'ell liftered, 

and vented over the areas occupied by the cross. After 

it is taken off, an3 turned over, the surface of^tbe 



Fio. 108.— Verticai. Seition through CompiIeted Mould. 


sand is tried with the fingers, and portions tnat Happen 
to be too loosely ’rammed are c»)nsolidated, and the sur-‘ 
face is pioperly sirtoothqd, finished, and blackened. 
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The other 'half of .the mould is now made. The half 
pattern is withdrawn from the portion just rammed and 
turned around into its new ^losition, the temporary sand 
on which the cope was rammed b^ng mostly dug away 
and removed to receive the half pattern, which is set by 
the same methods as before. The joint face across the 
centre is set over the centre of the mould of the boss, 
and the top face of the plate is levelled in all directions. 
At the locality where the ribs come against the ribs already 
moulded, the moulded portion is filled in with pieces of 
wood to prevent the sand from being pushed into the 
mould. After this is done, the ramming, venting, and 
rodding proceed jneciselj’ as the same operations were 
performed on the first half of the mould. Fig. 10(5 shows 
the mould as it appears at this stage, one-half being 
finished, and the half pattern lying rammed in the other 
portion. 

The central core is struck against the board. Fig. 107, 
with a core bar, hay bands a,nd loami- The core is stood 
jn the bottom print in the pin mould, it enters the top 
print in the cope, and the core bar , projects thiough the 
cope to brmg off the vent from the core. The mould is 
poured at the central boss, and one riser or flow-off gate 
is brought up from the end of each arm. The mould, as 
thus completed, is showa in Fig. 108. 



CHAPTER X 

DRY SAND MOrLPINO 

Whether the metal is poured into fjreen sand or dry sand 
does not affecjt the essential mctitods of moulding adopted, 
since the same processes of turning over, Jiftering, rod- 
ding, and sprigging are employed in each case* But the 
classes of work done by each method, and the mixtures 
of sand used, are different. Heavy work, and that which 
is wanted sjwcially sound and free from blow-holes, is' 
cast in dry moulds.* Strong mixtures of sand alone can 
be dried. 

A dried sand mould must he dry. This may*seem a 
needless truism, but the point is one of very great i«- 
portance. Since the mould flepends for its venting on its 
porosity, the presence of moisture hven in small ouantitf" 
implies that the yenA are impeded. 

If green sand mixtures were dried u) the stove, they 
would pulverize and fall to pieeej. And the strong^mix- 
tures also which are used for dri(?d moulds* though hard 
and'BufticienUy firm to resist grSht pressure of metel, are 
very tender when edges are co,ncferned. For thjs reason 
the joint edges of sucHinoulds are always/wicd, that is, 
their immediate facek are pressed down with the trowel 
while the mould is yet green, so that when the joints 
are brought together thtf odges remain slightly, aswa^r, 
as in Fig. 109, ^. A^n or thift film of metal of course forms 
here, but this is of no consequerfee; while, on" the other 
185 
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hand, a crusbpil joint edge with the consequent’falling 
of the sand into the mould would, if extensive, result iu 
a waster casti tg. ^ 

■ Another point to be noted in connection with dried 
sand moulds is, that they will hear ha,rder ramming than 
those in green sand, since they become porous in drying. 
For the same reason, less venting with the wire is 
required. The very close natu)e of the sand demands 
that its venting he perfect, and it can only he properly 
vented by the drying out of the moisture, and the car¬ 
bonization and desiccation of the hay in the horse- 
manure. As long as steam, oven in small 
quantity, is seen coming from the mould, 
pouring is unsafe, and the mould should 
properly be I'eturni'd to the stove. But 
a steaming mould poured while warm, 
that is, soon after removal from the 
stove, is loss risliy than one which is 
Finned Joint, allowed to bjjcome cold first. Thme is 
also tl\is advantage in the use of dry 
sand, that,, less .gas is generated t^jan in moulds made 
in green sand. This is a consideration' in large moulds 
involving a great deal of work, because the presence of 
gas in quantity^ is apt to cau^ blow-holes and scabs, 
and any arrangement by which its amount can he re¬ 
duced is a distinct advantage. 

In ied’sand moulds will also bear more swabbing than 
those made in green sand; Too mqch moisture in green 
sand is always a source of dangcu-. But the swab may be 
used freely in dry sand, and thjs is often advantageous 
ay\^io time of withdrawal of the pattern or of mend¬ 
ing up, and the heat of the drying‘stove removes the 
moisture. 


Fw. 109. 
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As iii ”r(‘on sand mouldin'', so iji dry, .stronger facing 
mixtures are used in the vicinity of tlie iiottern than in 
the body of the mould. Th.j floor sand, aitlier alone or 
mixed with slight pj'oportions of stronger sand, is used 
for mere box filling The cost of dry sand moulding is in 
excess of that done in green sand because of the extra 
cost of coke for drying. But this depends partly upon 
the system of the shop. MTien drying is extensively em¬ 
ployed the percentage of ofj)enso is comparatively small, 
especially when the superioi ity of the castings and the 
lower ratio of wasters are taken into account. ^ 

Mouhlivri Ci/liiulers .—In this work two cardinal mat¬ 
ters are the durability of wearing surfaces,* and the 
elimination of injurious shrinkage strains. The first is 
got by the omploynient of a liner of harder metal than 
that which is used in the cylinder body: the second by 
avoiding ranch excess of metal in any one locality. Neg¬ 
lect of the first results in excessive and rapid wear ofJ,he 
bore, due to the fi’k'tion of jihe piston and the hot steam; 
neglect of the second results in hlow’-holes, interngl 
strains afnd possihly,fracture. The simpler a jasting can 
he made the better for the uiouldor^ who caniiof ensure a 
sound casting if big masses of metal are lumped in 
proximity to thin parts. ,.A.nd if t^le latt^ (^re those ■which 
have to be tooled, the most tsp-efuI* feeding from head 
metal will iJot ensure clean, soui^d surfaces. 

In carrying out thg work of cylinder making, tw‘o im¬ 
portant details havc.to be considered. One is the ques¬ 
tion either of using a pattern, or of striking up the mould 
in loam; the other is wiicjihcr to cast horizontallj;, or on 
end. Neither admits of aji absolute decision; buTftmst 
be settled by special conditions^ In brief, the choice oi 
the first method in woj k of uiodium size is generally de- 
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termined less by dimensions than by numbers required 
off. For small castings, however, a pattern would almost 
invariably b6^,made, even though one or two castings 
only should be required. Some saving even then might 
be effected by striking up the pattern body in loam, in¬ 
stead of building it in timber lagging, and then fitting 
the valve casings, flanges, etc., in wood, to the loam, and 
moulding then from that composite pattern, in green or 
in dry sand, exactly as in the case of a full timber 
pattern. In tho largest work, loam moulding is invari¬ 
ably adopted.' That is, the mould is swept round against 
its brick backings, and the valve seatings and small at¬ 
tachments are made as pattern parts in timber, to be 
embedded in the loam by measurement. 

The question of casting horizontally or vertically 
seldom ari.ses except in the case of the .smaller cylinders, 
which are moulded from full patterns. A goodly number 
of firms make their cylinders horizontally, and with 
satisfactory results. Many men thin^ the vertical pour¬ 
ing, with head metal, the safer, and would prefer that to 
The other; although aiimitting that by using clean hot 
metal, ati by extended experience, excellent resulja are 
obtained in the other way in shops which deal with 
cylinder work in large quantities. And, after all, the cost 
of turning moulds up on end and fixing cups, etc., for 
vertical pouring, does no*t amount‘to much„and it gets 
rid of all risk of open riietal on the upper portion of the 
cylinder bore. Certainly it is mucli the safer plan in the 
average class of shop. 

The annexed figures represent a double cylinder made 
in^'j sand; cast with circulat guides for the crosshead, 
having a foot for bolting to d convenient base, and with 
steam-chests, all in one‘. It is a good^ example of rather 
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elaborate corjng-ont. Fip;S. 110 tb 113 show views of the 
castiii". Fig. 110, right liand, gives a plan view of the 
cylinder and^ guide, and a section through the same. 
Fig. Ill it a halt cross section through the cylinders on 
the line A-B—that is, through the exhaust pass ,gos, 
and a half cross section through tile cylinders on the 
line C-D—that is, through the steam inlet passages. 
Fig. 112 is a longitudinal elevation: Fig. 113 a half 
section through the guides on^tho line E-F in Fig. 110; G, 
Fig. 110 is the steampipe in plan; H, the gxhansl ditto. 

We see at a glance that this can only jn-operly mould 
in one way—and that is as in the plan view Pig. 110. There 
are several troublesome features about that method of 
moulding, but not nearly so many as there would be 
'with any other method. We settle instinctively tiiat it 
must part along tlie line I-.I, Figs.‘112 and 118} and a 
glance now' at the lifts shows ns that several coreboxos are 
absolutely essential. Thus, l-.T re]ir('sonting the joint alike 
ofHhe pattern and mould, the overhanging parts at K 
will not lift; hence they miAt be cored, or the overhang 
Thust be formed w'ith foose strips, which in th^s case, at 
least, are'not desp’able. Then (see J igs.llO and IJl) the 
steamchests must eiidently be cored, and their cores 
must carry 'those alsQ for the various passages. The 
hollow space M fieneatH the foolTin Fig. 113 would deliver 
very xyell, but cutting it out in th^'pattern yyould involve 
conaider{ible trouble, Un^ be rather weakening to the 
pattern itself, while it offers evdpy facility for simple 
coring. So, not of necessity, but' for convenience, we 
core that o'ut. The cylinder bores and the guides are 
n^ljewarily* cored. The space* If, Pig. Ill, between the 
pattern joint, and under the*passage^ G to H, must also 
be cored. There is a spatse 0, Fig. 118, which reaches from 
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tlio pattern and moulS joint to the plate •or weh which 
connects the two crosshead guides, and this also must be 
cored. Being cast on end, . 

” # ** * rn 

the necessary head metal [-j-*— 

will he put at B, These 
considerations settle the ' , 

essential methods of con- | 

struction. j P 2 

To mould the, cylinder, , ; 

the half eontaiuing the ; 

steam and exhaust pass- li > / D 

ages is lirst rammed up in ) * 

a mixture of dry sand, the ,—i-— .- 

joint face being laid on a i —;-- -i ^ 

joint board,’ and the drag 1 

or toil part placed around - « 

the pattern. There is no- „.“rrr_a o 

thing about the ramming “ 

of this that calls, for any in. “ 

H|)ecial comment. The san(f : p 

is rammed hard in detail ' 

and vented, aH its weak ’ 

corners and angles are well 
strengthened with nails and 



rods, and the mass of over- 
lying sandais properly lit¬ 
tered. Then the drag is 
turned over, the other half 
pattern laid on, and the top 
rammed, the flasks parked, 

the mould cleaned, the joints finned, and tfie-box0!Nqin 
into the stove to dry. But the real work—that which, 
presents difficult^^ or at leasi that which demands 
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especial care-^has ye| to be done, and this will now De 
illustrated in detail: . ' *' • 

The two^grjat requisites in cylinder work, after the 
usual and ordinary precautions common to all, moulds,, 
are the propUJ venting of the cores, the proper securing 
of the same, and the making of safe and^ suflScient 
provision for carrying off the air away from the mould. 
The making of the cores is accomplished precisely on the 
same lines as any ordinary dried cores, but sinije some 
of them are flimsy; rather more caution has to be exer¬ 
cised in their"case. Taking the port cores first, there' 
are two usual modes of venting—one with rods, the 
other with strings,—each of which is practised indiffer¬ 
ently, the latter being most suitable for the smallest cores 
of all. For the smallest curved passage cores, fine string 
soaked in tallow may be used, and when the cores are 
dried, the tallow melting away, leaves the string slack. 
When strings are used for cores of moderate size they 
are either drawn out while the core is green, or after it 
.has been dried. When, drawn out while green there is a 
tendenejr gf the string to cut through the cores at the 
corners. But if rods are rammed up crosswise, as ohown 
at a, a. Fig. 114, which illustrates a section along a core 
in the plane pf pne of, the strings, the strings can be 
pulled out without much risk. When the strings are 
greased and allowed tp dry in the stove, their charred 
fragments can usually be blown put of the dried core 
with the bellows. The extreme end of the vent at A is 
filled up with sand to prevent the entry of the metal—all 
the air beipg brought away at the opposite end of the 
c«f6, comiing off, therefore, i^to the print impressions. 

When rods are used, Jihere are corresponding numbers 
of boles bored in the corebox, as shown in Fig. 116, and 






I>SY SAND MOULDINO 


193 


these rods are thrust through the holes into the box, and 
the core is rammed around them, taking care to keep 
them central with the thicknijss. If they gat much out 




I’lG, no. Fio. 117. 



*’io. 118 . 
PXSSAOE COIfES. 


of centre there is a danger of the metal bursting into 
the vents, and causing a blown casting. The figure 
«how8 the corebox with the Aids in in readiness lor 
l amming. After the •core is dried, at the corners oppo¬ 
site each rod, Fig. 116, a, a, a narrow groove is filed. 
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going down lo meet the terminations of the holes formed 
by the rods. A string is inserted a little way into one 
hole, and tarried round the curve, and through the 
other hole at right angles with the first. Now the por¬ 
tion filed out is filled up again round the inserted ’.tring 
with core sand, and the string drawn out, thus leaving 
a clear passage round the curve. The continuity of the 
vents should always be tried with the bellows for security. 
In the smaller cores it is not usual to carry the vents 
right round—the air striking away I'eadily fiom the 
short unvented portion. The extreme end of the vent is 
of course always filled up with a plug of sand. 

In addition tfl the rods for venting, a rod or rods have 
to he rammed in to stiffen the core and to furnish the 
means of its attachment or anchoring, a hook being 
formed on the core rod or rods for the purpose, as shown 
in Fig. 117, which illustrates a core cut through in the 
plane of a core iron. 

The steam and exhaust cores are made somewhat 
differently. The corehox parts in two, one-half of the 
exhaust box being shown in plan, etc., in Pig. 118. Each 
half is rammed up separately, and the two stuck to¬ 
gether. The shape of the stiffening wires is seen in plan, 
in full"lines on the .ight-hand side, the core being sup¬ 
posed to be only partially rammed up there. The vent is 
cut out with the.trowel in the joint, as shown in the 
left-hand side, which illustrates the half-core finished; 
so that when the halves are cemented together, a central, 
rudely circular vent traverses the whole Lngth of the 
core. The appearances of the ends of the complete core 
when cemented are shown m side and end views. 

The . steam-chests are cast with the cylinders, the 
covers then being plain plates. Hence the prints for the 
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port, and exhaust core's, are placed in th« steam-chest 
corebox. Also, since it is an advantage to be able to drop 
the port cores down from th^ top rather tjian to thrust 
them into their prints horizontally, the prinfe are conr 
tinned up to the.tc^, a. Fig. 119, and the' cores stopped 
over when finally in place. 

Fig. 120 shows the core finished. The central portion 
is filled with ashes, and a few rods are placed about to 
stiffen the body. Since the, e.xiict distance between the 
port and exhaust cores where they pass out at the valve 
facing is important as affecting cut-off, .',,^ 11 . is allowed 



Fia. 119. Fig. 129! 

Steam Chest^ox and Core. 


for machining along their edges.* Hence the reason of 
the shoulders inihe Wes, Figs. 111 aijd 117^^ich are 
the reduced widths, giving the tooling allo.wance. Further, 
to avoid broken print edges and mending* up, ca«ful 
moulders often ram up strips of* hoop lro*n against the 
side'k of the.prints, a* a, a, Fig. 120, which, whep em¬ 
bedded in and forming a portidh of the core, ara»an 
absolute and secure gjlide. An eye, or a coflple of eyes, 
are rammed in the core for lifting it into place, and an 
eye projects from the back for securing it bo'dily .against 
the side of the flask. 

The main core it in Fig.* 110 may be made either in 
a box or from a board. If sev&al castings Lave to be 
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niiule—say r three or foav—a l)ox pays for •its first 

cost; if only one or two castings, then a board is cheaper. 
It a board is,used, as in F^. 121, it is evident that the 
£ored-out*openings in the sides of the guides (see Fig. 11S) 
cannot be struck, but must be made with a corebox. 

I he sectiop of this box will then be that shown in Fig. 
122 ; and the cores may then be made separately from the 



Pl8. 121. —Stbikino Board. 


main core, being rammed on a bedding of sand struck to 
the contour of the box; or else on a bottom board, and 
nailed to the main core after they are dried. Or, they 
can be rammed directly on the main core, as in Pig. 12;5, 



Fw. 122. Pio. 123. 

ftuiDK OCRES. 


after4he main core has been wholly or p?.rtially (fried, 
the'" surface being cut up a little with the trowel and 
moistened with clay water, and nails stuck in at intervals 
to assist adhesion. 

The section of the main core is shown at Pig. 128, a 
small bar being issed to go through the narrow neck 
which carries the bush. This bar cannot be large, but 
must be as large as c<)nvenient. Thus, if the neck were 
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cored to* 2 in. diameter, the bar might fte 1| in. to 
allow just a thin layer of tow between the bar and the 
loam. But the portions whi|h form the cylinders and 
the guides being mncj) larger, the 1,' in. bqr must either' 
be wedged into two j^rger b.ars—one at each end—or the 
increased size must Be covered with core plates and hay 
bands. The lirst plan is not desirable in this case, through 
lack of rigidity, so the second is to be preferred. The 
section of this core, then strucka)n such a small bar, and 
taken through a layer of hay bands, is that represented 
in Pig. 123. 

When a corebox is used, a half-box will suffice, by 



Pig. 124. Fiu, 125. 

Half Box Ind Coke. 


making tWo half-core*, and cementing them lljgether. 
Bach half is stiffened with rods, amj a vent passage is 
cut through the joint. Pig. 124 shows a section through 
the half-corebox, taken thjough the centne «f one of the 
guides, and Pig. 125 is ^ section through the finished core 
in the same pbsition, A being the wds. These, of coftrse, 
are not straight, since,they have to pass through uie 
narrow neck, but are beVit beyond the neck to occupy the 
positions in the large diameter shown at A. 

The remaining cores call, for no comment, their con¬ 
struction being quite apparenj; from the figures. 

We now suppose 1;hat the mouhl is completed, dried, 
and ready for coring «p. Ijofore the cores are blackened, 
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the}' are blackened, pul back in the stove for a few hours, 
,or for a night, a(nd are ready to go finally into place. 
Even mpre care has to be exercised in this particular with 
cylinders than with work of ordinary character, when 
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the cylin<lerH are not ca?;t in the position in which they 
are cored,' but vertically, when any Insecure fixing will 
make itself manifest, to the ijreat grief of the luckless 
moulder when he comes to his work on the following 
morning. 

In the first place^then, that portion which^was first 



Fig. 
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rammed, tile bottom part —thoijgll actually the ijyliniiors 
are cast vertically,—is.laid on blocking or any convenient 
support, joint face upwards. Then the steam-chest cores 
are laid in their print impressions—sec Fig. 126 (.4, A), 
which gives a plan view^fthe mouk^ representing it as 
it appears at certai» stages rf the work; and Figs. 127 add 
128 (A , A), which are sectional Hews across the mould 
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through the ientre of the steam passage cores Ff and ex¬ 
haust cores G, respectively. 

The ventg from the cOiVes A, A are brought away 
through holes B in the sides of the box part; a channel 
also, shown in Fig. 128, being cut in the sand from these 
holes to ^he back of the cores, wnich cores may be 
fastened with or without screw bolts. If they were 
heavy, and their overhang very considerable, they 
should properly have be^n attached with a screw bolt, 
passing from an eye in the core through ,a hole in the 
box side, as !,liown at Fig. 12(;. But in this instance 
the core 'is well supported in its print impression, and 
is not of, very large size. lienee a little dodge, such as 
that shown at 1), D, Fig. 120 is sufficient to hold the core. 
A shallow groove is filed on each side of it, vertically, 
and grooves in the mould sides in corresponding posi¬ 
tions; and while the core is held back, bedding against 
its print, this is filled up with damp core sand, which, 
when dried, becomes an interlocking key or dovetail, 
holding the core securely in place. Another simple way 
is that shown at Figs.‘l26 and 128 at E, where a loop of 
wire is slipped througli the eye of'theicore, and, carried 
out through a ckamiOl cut for it in the sand, and a short 
bit of rod is 'pushed thxough the loop and down into the 
body of sand', thus holding the core securely back in 
place, ' 

Afterwards, the steam and exhaust cores F and G, 
which (Pigs: 126-128) connect their pipes with the two 
steam-chests, are placed in. These, when laid in, have to 
fit their bottom print impressions, and also the impres¬ 
sions in thfe steamtchest core'8,'and to allow the correct 
thicknesses in bottom H and sides ij. which thicknesses 
will have \)een tested a*! the first tryung-in of the cores, 
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both by measurement and by the use of*clay thickness 
pieces in the bottom wbore direct measurement is not 
available. The vents from ^hese cores ane not brought 
into the steam-chest cores at all, but through the round 
jirints J in Figs, 127 and 128. There is a difference in the 
way of fitting these to the stcam-chest cores. The exhaust 
core, Figs. 126 and 128, G, fits the steam-chest through 
nearly the whole depth of the latter. Jhit this is not the 
case in the steam-passage, cot-e. Figs. 126 and 127, F; 
for it enters.the chest at one corner, the bottom corner 
as the mould lies (see Fig. 127), K. Tloiice^t is necessary 
to make provision for its support. To trust 1)0 chaplet 
nails only when the mould has to be up-ended fer casting 
is not safe. A ledge therefore is formed on coreA,a(s 
shown at K, on which the steam-passage core rests. This 
may then be either stopped over with a small rectangular 
core L, as in Fig. 127—left-hand—nailed on; or the box 
may be so formed as to continue core Fto the top, and so 
stop itself off, as shown at ^I, on the right-hand side of 
the same figure. In cither case tjie result is the same— 
the leaving a steam entry of width N intoithe st^m-chest. 

Each core is secured in its hottom print liy means of 
a wire carried from it through the !)ox, 'and twisted fast 
round a bit of iron rod, Jigs. 127*and lg8^ h, 0. 

There is now the core whic); forms* the inter-cylinder 
space, seen at N in the drawing o4 the actual casting. 
Fig. 111. This might deliver itself as part of the fnonffl by 
leaving the portions of the steam and exhaust pipes which 
bridge across it, G and ff, in Figs. 110 and 11} loose. It is 
better, however, to core if, and this is shown in Figs. 127 
and 128. The core P, therefore, is shown fitting in its 
print impression F* in botfi vieys (Figs. 127.and 128), 
the print thickness P' happening to coincide with the 
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lliickness of tffe metal in the steam and exhanst .pipes. 
This shouldering of the print takes place beyond the 
pipes, hence tke appojirance pf the core in Figs. 127 and 
128. The vent from this core is carried out at the back, 
in a line with 0, and beyond it, of course, in the figu’.es. 
The main cores (,>, Figs. 126 and 128,*are next placed in 
their print impressions, one only being shown in Fig. 126 
to the right. The precautions to he ob.scrved here are to 
see that the cores do not sag in conseipience of the narrow¬ 
ing of the diameter at the neck which forms*the stuffing 
box, and that the thicknesses of metal are equal all 
round, the equal thicknesses being dependent first on 
the truth' of the cores, and second on the concentricity 
of the prints with the pattern cylinders. Clay thickness 
pieces will be placed underneath the cores ior this pm’- 
pose, and measurement will he also taken at the sides. 
When the thicknesses are obtained, chaplets will be 
driven in to sustain the weight of the cores about the 
central portions, avoiding those partp which have to be 
bored. The proper position for the chaplet in this case is 
at Q\ Fig. 12(i,,under the shouldered or steppefi portion 
lying between the- cylinder bore and the^guide. 

Again, when ramniing up cylinders the vents of which 
have to be brought away at the ends in the fashion to be 
noted immediately, it is' necessni-y to cut away the sand in 
continuation of the .print beyond the front pnd—that is, 
the'Spaeft enclosed between the dotted lines R in Fig. 126 
—which sand is made good after fhe cores are finally set 
in place. Since the mould has to be up-ended for casting, 
there is just the slightest chance of the cores shifting 
(Ipwnwards slightly, and a tareful moulder will leave 
nothing tp chance. Hence at this stage it is desirable to 
ram up two rods, or nieces of flat or round iron, auainst 
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the col'e end, cutting away and leljting it go down a little 
into the body of hard sand below, as shown at l'’ig. 126 in 
the si)aco H. Or, if there Is sullicient rdom above the 
vent, a small flat, wjuare piece can be rammed in, afid 
kept in place with^a rod bearing at the other end against 
the inside of the flask, as shown at .S'. The^iolcs Q'' in 
the centre of the cores, in Figs. 127 and 128, are the vents 
through which the air strikes away from these cores, and 
they pass completely throagh’from end to end 
If the hoi is specially con¬ 
structed for moulding cylin¬ 
ders of one jiarticular size, 
it will be made with holes 
in its joint /ace opposite the 
air channels in the main 
cores, as shown at H\ II', 

Fig. 126; and the air will 
then be taken directly away. , V , 

But in cases where ordinary 
flasks are used, the air is i 
readily taken ofl' at j;he back, ‘ » ' ir" 

between the tars, in the Fio. 12i». —Vent Rope. 

manner shown in Fig. 129, 

which gives a part sectipn through Ihe.ccfner of tHfe box. 
Here A is a diagonal passage aut in the end of the core B, 
establishing a communication between the main channel 
in the core, and the ;vent pasJsage to be formed between' 
the bars, the sand passage being made by ramming up a 
piece of rope C in the end of the mould, frgm which the 
sand has been removijdj as just now noted, thrusting 
first one end a little distance intft the cord vent, and 
bringing the free ■'end outside tlje flask, as shown. After 
the sand has been rammed, the rope is drawn out| 
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leaving a free eominunication between the core ahd the 
outside. The newly-made sand is shown darker than 
the rest in the figure, andr this is dried now with a 
piece of red-hot iron. 

The difference in the core sections Q in Pigs. 127 and 
128 is given" to show the different appearance which the 
cores would have in section if made in the two ways 
previously described. Fig. 128 illustrates the cores as 
rammed in a box, with the- four stiffening irons in 
section. In Pig. 127 two sections of a struck tip core are 
I shown, that oh the right hand being against the face of 
a coreplate, that on the left through the hayhands, 
which come intermediately with the coreplates. 

Taking the port cores T, T in the figures, one fits 
against the cylinder bore, and one aga'nst the ring which 
forms the recess terminating the bore, and a correspond¬ 
ing difference for the lengths is made in the corebox. 
Unless the cores are very deep, they can bo readily put 
in without disturbing eitliei; the stcam-chest or the 
cylinder core, by simply sliding them round the body 
and down into their places. If they pre very deep, as in 
some low-pressure cylinders of compourfd engines, this 
cannot be done, ahd then the prints in the steam-chest 
core must be made [; in. or J ip too long, to allow the 
passage cores to pass the extra space, which is filled up 
with sand after they are in position, t’ig. 180 shows a good 
plan ‘to adopt in such cast's as these, being an example 
taken from a double-ported compoinid cylinder, 14 in. 
bore, and having ports 9 in. wide. Each single port 
opening being narrow, the corp would be weak and 
flimsy. Hence these 'weak sections are rendered rigid by 
connecting , them together at the otBerwise free ends 
with a continuation piece of core, fitting into the print, 
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Jo th^t they can be -handled without rAk of fracture 
Ihe spaccB A, A are necessary in'order to be able to get 

The vents from tfie cores T, Tare ta£en off into the 
steam-chest core/Ro vents passing into the cylinder core 
a all Sometimes, though seldom, they are secured into 
the steam-chest core. But the chaplets, Fig. ]26, U, and 
the c aywash daubed around the print joint, and the 
sand by whjch they are stopped over, are usually quite 
suflicient to retain them in place. The‘core wliich is 



uppermost in t|je liiould is grooved gn the ffte which 
abuts against the body core, in order to allow the air to 
l>ass up freely at the time of casijng. Fig. f 3 l. 

There now remain tffe cores Vhioh •form the foot of 
the* casting,nndernea*h the g'uides. These are tl^ree in 
number, and are shown in Fig,132,*which gives-a plan or 
fece view of the opposhe half of the mould tb that shown 

in Fig. 12(); and Fig. 138 is a sectional view of the same_ 

showmg, however, the central guide cores in dotted out¬ 
line, in order the better ib illustrate tbe relatfve positions 
of the cores. The Tame reference letters are used in both 
figures, but the guide cores ard entirely omitted from 
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Fig. 132. Eacii of these cores ,J, A is well guided by its 
print, at surfaces on the outside, end, and bottom; and B 
by a shallow print all roun^. They are all, therefore, 
screwed up with bolts passing through holes made 
temporarily through the sand between the bars, to nhe 
back of the, flask, and there screwed against long flat 
washer plates bridging across the bars, as sliown in 
Fig. 13!i. The flask is turned over in order lliat the holes 
may be fllled in with sand,^ rammed around the bolts. 

The cores being of considerable tmlli, have cinders 
(. rammed in them to collect the air; and the body of sand 
in the box outside of the cores A, A is also vented with 
cinders, into which the air from the cores is conveniently 
brought, and out through holes in the flask sides, or 
downwards between the bars to the back. The courses of 
the vents are indicated by the dotted lines at C, C, C. 
Core I>, though shown in its position relatively to the 
dotted cylinder cores, is not actually fixed in this half of the 
flask at all; but after both the cylinde/ cores are finally 
set in place in Fig. 126, D occupies the position marked 
r, V in thjit figufe between the guides, and is secured in 
place by 'ine,ans of two rods shown at r-, V, which pass 
up into two corresponaing holes in the core D, Fig. 133, of 
slightly larger diameter, which permits of sand being 
rammed around to lock the core fast. Chaplets, shown 
at E, F.ig. 138, keep the cores at the proper distance apkrt 
as required for the thickness of metal in the foot. 

Very few chaplets are wanted about this cylinder. The 
outer corners of the port cores are assisted with chaplets, 
and the thicknesses of metal between the ports themselves 
are secured by two spring chaplets or by double-headed 
• ones. Thoge at the outer corners of the ports have their 
stalks inserted in shallow grooves cut in the sand with the 



DB7 SAND MOULDING I 207 


trowel,'and are covered up and lixed with ^loist sand. It 
would often be desirable to secure the cores still further 



J Fig. 133. 


Mould Cobed up. 

* • . . 

with chaplets abutting against the 'base of the cylinder, 

but the necessity for this should, when practicable, b^l 
prevented, because the metal Lecomes chilled round a 
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chaplet, and there is always more risk of a Wow in its 
vicinity than elsewhere. In all places where cores have 
been stopped -over, or chap’et stalks inserted, or’, any 
mending-up done, the damp sand must be dried before the 
closing of the mould, by placing red-hot blocks of iron 
over or against the made-up portions, and a little oil 
poured over and around them will lessen the generation 
of gas. 

We now consider what provisions have to be made for 
easting. The mould has to be poured on end—cylinders 
‘ and head metal uppermost. The runner is shown in 

Fig. 126 at W; ingates at 
X,X, two or three of the latter 
to each cylinder, dependent 
on its size. A plan view of the 
runner is shown in Fig. 134 , 
where A is the runner and 
B,B are the ingates. These 
are cut out while the mould 
is green. At C, in the latter 
figure, the risers are shown, through which feeding takes 
place. All the vects are examined to see that they open 
out clear; the fastenifags of the cores are all made sure 
of. If the nlain cores have been made in a box and 
cemented together 'with' clay-wash, there is just a fear 
lest the halves should slide one oVer the o':her on up- 
'endiug, tanless they fit properly in the ends of their 
prints. It is 'scarcely possible to exercise too much care 
in all these minutiss before finally closing and up-ending 
the mould, because should anything shift it cannot be 
remedied after the metal is poured "in. 

The flasks, well cottered or'sorewea'together, are now 
lowered into a pit in the floor, of such a depth as to 
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bring the top at a height convenient £(ii pouring. A 
pouring basin and risers are formed in the usual way. 
Yieht pipes are brought u^ from the c^res A, B in 
Fig. 133, while the vents from the body cores c*me out at 
r, Fig. 129; and all fiown the open sides the vents from 
the mould surfacesfcome out. 

JIcad-m«tal.—The necessity for putting head-metal on 
castings which must, when machined, have perfectly 
clean faces, has often been a j^oint at issue between the 
foreman moulder and his einployer. Generally, a moulder 
considers head-metal indispensable in engine cylinders, 
hydraulic cylinders, and rams, while the employer grudges 
tne cost of cutting off the head, and maybe thinks that 
it is a moulder’s fad, especially when he learns that there 
are shops in which cylinders are cast without heads. 

There is much iBore in this than can be settled off 
hand. There is no doubt that, under some conditions, it 
is safe to' cast without heads; but these conditiono do not 
exist in jobbing-shops doing general work, and mixing 
metal at random for all tBe work of the day. In such 
shops, when it is desired to turif out good sound work, 
it is not'safe to ,cas1f cylinders without Lead-nJital, and 
the cost of sawing, or slotting, or turning* off a head 
is but a trifle compared with that,of a waster casting. In 
foundries in which cyliitders &te a spetifflity it is often 
lh» practice to dispense with heads; by mixing special 
brands of metal, pouring it hot,and clean, and uijingiow- 
off gates freely, heads are not found rpqmsite. Often 
then, in the case of ’cylinders moulded, i.e., not brickec 
up, the practice is to mould and cast them Tiorizontallj 
instead of in a vertical jAaition, 

The function of,head-metal is essentially two-fold :*1 
acts as a receptacle for all thtf dirt, scurf, kir (whicl 
p 
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would otherwi je be arrested on the face of the top flange), 
and it also becomes e feeder to supply hot metal to>tlle 
shrinking casting. In a very minor degree it fulfils 
third function—that of producing liquid pressure, which 
tends to consolidate the metal below; but, if that were 
all, the result could be more easily sct ared by increasing 
the height of the pouring basin than by massing a rela¬ 
tively shallow head of large area over the casting. In¬ 
creasing the depth of a head within reasonable limits 
increases the soundness of a casting; but that result 
follows much ’ess from the increased hydrostatic pressure 
than it do^s from the function of the head as a feeder of 
hot metal. The latter function is so very important that 
it is usual to supplement it by the practice of mechanical 
feeding, with a rod through the runner, see p. 161, and 
two or three risers besides. 

This function, therefore, of mechanical feeding is 
actually the most important one which the head has to 
fulfil. The first-named, that of collecting dirt, sullage, 
and air is very important only when due care has not 
been taken to exclude the first two from the mould alto¬ 
gether. I'lany a head is cut off with scarcely a trace of 
dirt apparent, or an aw-hole visible in it when broken up 
for remelting A careful moulder and fiirnaceman will 
generally keep diit out of the mould, so that, if this were 
all, the top flange of a cylinder world face up clean even 
though no head metal were cast on it. Hence the chief, 
and almost the only, function of head which is worth 
consideration is that of a feeder to the casting. It is to 
this, therefore, that we will give attention. 

It is well known that, when the metal in adjacent 
parts of a casting is very disproportioned, draws, or hollow 
S,nd open spaces will occur in the heart of the heavier 
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motal, see p. 128. This is caused by thi thinner metal 
(irioling and setting before the haavier. Since the latter 
• continues to shrink for some time after the former has 
congealed it becomes drawn away from the csntral parts, 
leaving cavitie.s tlfere; the nature and extent of these 
will dejjend on ihe relative disproportion of the masses 
and on the character of the metal itself. ’ The greater 
the disproportion present, and the stiffer and stronger 
the iron, the greater will be the extent of the drawing. 

It may talje the form of* large open cavities, or it may 
consist Of very coarse open erystallisatk)n with minute 
rift.s between small masses of crystals, or itinay partakt? 
of both characters—holes and coarse crystallisation and 
rifts combined; when such drawing occurs it is a sure 
indication that there is disproportion in adjacent masSes 
of metal. Draws* it must be remembered, are not to be 
confounded wdth blow-holes and general sponginess; 
which occur in castings regularly proportioned. Blow* 
holes are due to the entanglement of air in the metal 
when liquid, anS occur Shiefly in the upper portions of 
ca8tii\gs, while drawing may odbur anywhere, and has no. 
relation whatpver* to the pressure of* air. 'ihe two are 
totally distinct in cause and in appearancib. 

It is not easy to fix the most suitable ninount of head- 
metal for a given jftb right* off .vvithout experiment; 
tsually, however, previous castings of a similar character 
afford some guide, but everj one must stand oft jts own 
merits. A difference in design necessitates a difference in 
head-metal; the iliore disproportionate the sections of a 
casting the heavier should the head-metail be. 

Since the head-metal becomes^ the dii-t_ receptacle— 
the feedqr for iie casting, that determines its mass in ■ 
relation to the casting: it must be large* enough, but 
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there is no atvantage in increasing its mass unduly. 
Blit if it is insufficient, some of the dirt, instead of Jiassing 
up into the head, will become lodged against the face of 
the castingj If the mass of metal in an annular section 
of the head is considerably less thSn that in a corrc- 
sponding annular section of the body-of the cylinder 
it will cool down before the cylinder cools, and will thus 
be unable to fullil its function of a feeder of hot metal, 
viz., to fill up the cavities caused by shrinkage strc.sscs. 
One sometimes sees head-metal put on in this fashion; 
but it is of so little value that tlie casting would lie as 
well, probably better, without it. 

The proper form for head-inetal is shown in Fig. 126, 
p. 198, where its diameter is as large as that of the 
cylinder body, and where there is a good radius which 
facilitates the passage of dirt upwards from the flange, 
and there is suJ'ficient height and mass in the head to 
'cause it to remain hot after the body of the cylinder has 
ceased to remain liquid, and so the head becomes an 
efficient feeder as well as dirt collector. Another example 
. occurs in Fig. 172, c, p. 254. 

The ideai might suggest itself that the liead would be 
more efficient' if made os large as a cylinder flange, but 
the adoption qf such a method would cause the whole 
flange to become dr,awn; or open-grained, due to the 
metal becoming drawn away from the interior portions 
towards' the outside faces, causing then either holes, or 
coarse crystallisation, by either of which the flange would 
become weakened, and the making of S, steam-tight joint 
rendered difficult. The heads illustrated are fully efficient, 
practically no .dirt can lodge on tin, portion of the flange 
uncovered with head, because dtiring the movements of 
the molten metal any light matters which do hitch there 
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motal, see p. 128. This is caused by thi thinner metal 
(irioling and setting before the haavier. Since the latter 
• continues to shrink for some time after the former has 
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leaving cavities tlfere; the nature and extent of these 
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tlie disproportion present, and the stiffer and stronger 
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rift.s between small masses of crystals, or itinay partakt? 
of both characters—holes and coarse crystallisation and 
rifts combined; when such drawing occurs it is a sure 
indication that there is disproportion in adjacent masSes 
of metal. Draws* it must be remembered, are not to be 
confounded wdth blow-holes and general sponginess; 
which occur in castings regularly proportioned. Blow* 
holes are due to the entanglement of air in the metal 
when liquid, anS occur Shiefly in the upper portions of 
ca8tii\gs, while drawing may odbur anywhere, and has no. 
relation whatpver* to the pressure of* air. 'ihe two are 
totally distinct in cause and in appearancib. 

It is not easy to fix the most suitable ninount of head- 
metal for a given jftb right* off .vvithout experiment; 
tsually, however, previous castings of a similar character 
afford some guide, but everj one must stand oft jts own 
merits. A difference in design necessitates a difference in 
head-metal; the iliore disproportionate the sections of a 
casting the heavier should the head-metail be. 

Since the head-metal becomes^ the dii-t_ receptacle— 
the feedqr for iie casting, that determines its mass in 
relation to the casting: it must be large* enough, but 
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head, cylinders must be so proportioned that there shall 
be no great disparity in adjacent thicknesses of metal. 
Thus, lumps ol metal massed in the vicinity of passages 
or flanges should always be lightened out; this is not j, 
question at all of saving a bit of metql, but possibly of 
saving a casting. 




Tiin term cmr, used in a <vneral wa^’ at least, is almost 
self explanatory. Any central portion, or a portion re- 
inovod from central pai ts, is a core. Bftt in foundry 
work the term has several distinct meanings, defined by 
the prefixes, ijri’ni .Kiud core, (Iri/ mini core, ham core, 
core. 

The term greensand core simply denotes the central 
]X)rtioh.s of those moulds which are made directly from 
the pattern itself, without the aid of a separate core box. 
Thus, the central portion of a plain open recfangular 
frame, like the surface bqjies used for hydrants in the 
street:, would yield a green sand core, because moulded 
Irom the pattern itself, and the sand etjployec^ would be 
fit preeisely the same character as that enciFcling the 
patte rn, and would be connected thWwith by rods, nails, 
or grids, and undergo ^lo process of di^tng whatever. 
These portions, though tejnsied cores' (often termed cods 
also), do net come pFopcrly under,the present hgading. 
Metal cores for chilling the bole’s in the hubs»or k)sses 
of wheels may also b,e disregarded in this connection, and 
also those loam cores which are bricked up, see Chapter 
XU, so that all we have to consider in this chapter is 
the cores made in dry sand in core boxes, ahdJoam cores 
which are stnick-vp or swept up on bars. 

Corea are reoun-ed when (a)‘there would "be extreme 
215 
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difficulty in bo constructing a pattern that an ■ impres¬ 
sion could only be'taken of the central portions by 
making a lange number of goints in pattern and mould; 
(b) when the central sand would be so weak that it would 
not retain its form and position against the rush and 
pressure o,( metal; (e) when the cutting out of the in¬ 
ternal portions of patterns would render them excessively 
weak as patterns; and (rf) generally, when it would either 
be impossible or extremely difficult to make or put the 
mould together, or vent it without the aid of cores. Thus, 
if we take aliliost any pump clack box or valve box with 
seatings ^e could make a pattern precisely like the cast¬ 
ing, making as many joints as would be required to allow 
of drawing the parts separately from the mould. But we 
should then meet difficulty (a) and also (c). But the sub¬ 
stitution of a simple core or cores enables us to make a 
strong pattern, and to employ one or two joints only, in¬ 
stead o‘f several, in the mould. Or, if holes of small area, 
but of considerable length, ar^e required in castings, green 
sand would not deliver freely from similar holes made in 
the pattern, but, would become cracked and broken away, 
even if i cpnsideirable amount of taper were imparted; 
neither would they Withstand the rush of metal. Then 
the conditions (b) necessitate the use of dry hard cores. 
And no more familiar examr'e of condition (d) could be 
given , than that of any engine cylihder with cts passages 
and -reet,- and often other attachments beside. 

It is clear that the same conditions must exist in cores 
as in the moulds themselves. The substance of cores 
must be stiffened with rods, grids, or nails, precisely on 
the same principles as moulds, though tlie conditions 
and details are somewhat different.'" Vents of sufficient 
area must be provided lo carry off g^s and air, and the 
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cores must be secured against the pressure of liquid metal. 
These are all points of fundamental* importance, and we 
will consider them in detail. 

First, in regard to the stiffening of cores. lii a plain- 
round core made in a box, a rod of iron is rammed up 
with it, and this is 'the simplest plan. In crooked cores 



Fig, 135.—STEAit Pi«. 13G.—A Gkid. 

Passage Core. 


Idle rods are either bent, as in Fig. 135, which illustrates 
the passage core of an engine cylinder, or grit’s are 
formed of wires or rods fastened together with solder. In 
large cores, grids are always used, like Figs. 136 and 137, 
liaving nuts or eyes by which to lift them. These* grids 
may be of any outline, be^g adapted to their cores. 


Lfnnnon^ 
inmnoncDL 

JncnroonrorTODDnlA, 

■■LnjinrirjirjTi^dTrLnnl 

Fig. G*eid. • 


Fig. 136 shows one of a sweeped 'outline adapted te a 
sweeped core. Fig. 187 qhe of triangular outliife; Fig. 136 
has a nut. A, cast in to take the screw used for lifting. 
Fig. 137 has a couple of eyes cast in for the same purpose. 
These are usually cast in 'open sand, the raoillder using 
a standard pattern grid, htftiing excess of length, and 
stopping it off to length and outlftie required. In large 
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and intricate work several distinct grids may be bolted 
together, the bolts being so placed that they may be 
readily takeli out after the easting is made, through open¬ 
ings in the cored out sides of the casting itself. 

Fig. 138 shows a grid used for a pipe core made in a 
core box, a grid being used in each half core. Similar grids, 
curved, are used for bend pipes of large diameter, the 
longitudinal portion stiffening the core, and the offsets or 
prongs giving local supirort. to the sand. Stiffeners and 
grids of this kind are used both for cores raiiimed in core 
boxes, and for those strickled up on plates. But there is 
a large class of cores which are not made in boxes, but 
struck Op on revolving bars. The bars then act as stiff- 

I .n il . I . t «| I I I 

Pin. I JS. -I’li'K Gsid. 

eners longitudinally, ami tjie core is made in ham, the 
adhesion of which tp the bar i.s assisted by the use of 
hay bands or.hay ropes, twisted and wound around the 
bar. \Vhpn cores are very large tire bar is not.ineveased 
directly in prq)ortibn, except for certain standard work, 
but is selected simply with a view to sufficient stiffness, 
and the size of 'the cor^, ’6 increased l)y the addition of 
hay bands and lo.am alternatii'ig with eaph other, and 
sifstaihed with core plates A, Figs. 139 and 140. In 
standard pipe and column work,\coIlap8ible core bars are 
used. 

There is thus a very wide range in the size and char¬ 
acter of the bars'employed.' ihe smaller ones are made 
of gas .piping; for those over ab'out 3 in. in diameter, 
cast iron cylinders are employed, and these may be 
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either parM.lel or tapered, according to the character o 
the work. The bars are invariably hollow, and pierce( 
with numerous small holes, 139, for tli# air vents 
which pass from the encircling core through the Iioles ti 
the interior of the bar,, whence they find exit at the ends 
The bars are turned next the ends, Fig. 139, Bfto forn 
journals, which revolve in vees on the cast iron trestle 
used for their support. A boy turns at a winch handl 



Pn". 139. (!obk Ti.vk and Pi.ates. 



1 

Fio. 110.— Section tiikol'uh Pinishi!d (Joke. 

inserted in one end of the Hto*:, while' the core maKer 
winds on th^hay bandis, and daubs 4he loam. This is 
work requiring the exercise of judgment. If thef bartds 
are not pulled taut, and laid on close, and the loam 
well worked into the interstices, the core wjll sag, or 
become baggy, will be ouj of truth, and dry ^unequally 
in different parts, and portions of thJ loam may fiaka 
off after drying. A layer of rope^is laid on ^rst, and 
stiff loam well worked over and between it as the bar 
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revolves, then another layer of rope and more'loam, Pig. 
140. The core is partially dried before patting on the final 
coat, which is thinner tllau that first applied. Pig. 141 
shows 'a section through a cor? bar A, hay bands B, 
and finishing coat of loam, C. 1) indicate.^ vent holes. 
When plates are employed, as in Figs. 189 and 140, they 
are oast as thin as possible, and pierced with holes, as 
shown, to permit of their ready fracture and withdrawal 
after casting. When vfiry. large, the various plates are. 



in addition to the usual 
fastening to the bars by 
means of wedges, united 
and stiffened with bolts 
passing through them all, 
the..bolts being inserted 
when the final course of 
hay bands is being wound 
round, and the nuts are 
brought for convenience of 
withdrawal opposite suit- 


Fio. Itl. —Suction of Cobb ab^ vent holesdn the ends 
, AND Bar. of the Casting. • 


These core bars when 


of small diameter are used ,for light work, and when 
large, mainly f6r jobbi^vwork. In regular or repeti¬ 
tion work of large diameter,‘as in many pipes and 
ci^omKis, the cost of hay bands and of rigging up 
core plates would bear too gre^it a proportion to the 
value of the castings. In standard pipe work therefore, 
and in other work of that eh^aracter, the collapsible bars 
.are employed. These are only ^ in. or 1 in. less in dia¬ 
meter than the finished cores which they carry, and are 
therefore necessarily made collapsible, that is, they are 
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fso constrijcted as to fold,* or fall inwards, and so deliver 
freely .froni the cored holes. Much Ingenuity has been 
displayed in their design, and several forms «aro in use. 
The general principle of their action is this: Thd shell is 
usually formed of three longitudinal segments of cast 
iron, two of which are hinged loosely upon the .third or 
rigid piece. The movable segments are retained in their 
expanded condition during the making of the core, and 
jauiring of the casting, by various devices, as by circular 
discs, or by wpdge-shaped bars and link.?, adapted to 
.similar fittings. By means of cottars, levers,'’and links, 
the movable segments are released, falling inwaiMs after 
the casting is made. The body of the bar is pierced with 
vent holes. The outside of a collapsible bar is, like an 
ordinary bar, Idft rough, the better to ensure the ad¬ 
hesion of-the loam, wl'ich is daubed on directly, without 
the intervention of hay bands. 

The rents’ of cores are variously contrived, and afe of 
the first importance, since many a casting is ruined for 
want of proper venting and securing of the core vents. 

The simpjest vent is that formed in a pilain cjre by 
means of % rod of iron Jammed therein, and withAawn, 
leaving a round hole, into which the* air and gas gen¬ 
erated within the core collects, and from which it finds 
exit through the prints. In Ijjtge cores "uniuerons rods 
will bfl ramme^ in, and withdrawn thus; and in addi¬ 
tion to these, a quantity of smaller’vents will betfiacle 
with the vent wire, as i^ making moulds. Th curved 
cores (Figs. 142 and 143*) a different method has to be 
adopted. Core strings or core ropes have to be used, being 
common string or rope ramified up in the>core, aftd either 
withdrawn while the cofe is yet green, or allowed to re¬ 
main while the core is being driec?; which pro'cess of 
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baking chars the string, and allows of its (ragments 
being blown out with the bellows. The latter mt-thod 
is rather uncertain, so that the better plan is to with¬ 
draw the string, the core being green, in which case 
two bits of wire rammed in the core, Fig. 142, present 
the string from cutting the corners by its tendency to 
straighten under tension. An alternative })lan which is 
often adopted is that shown in Fig. 148, where three 
straight rods are rammed up in the core, drawn out, and 
the core dried. Then the connection is made round the 
curve by filing, a string inserted, and daubed and covered 



Pig. 142.—Cork String. Pig. 143.—Venting Rods 

IN Core. 

over with loam. This is tlien dried, and the string finally 
withdii^wn. , , 

In fne case a)f large cores ttfe ce.ntral portions are 
formed of cinders,to act as reservoirs for the air and 
gas, precisely as in,the bulkier sections of green sand 
and dry sahd'mouhTs. ^vent hole or holes of sufficient 
ar^a is then madp, connecting 'this body pf cinders with 
the OKter air. ' , 

In corek struck on bars, thd^hay is porous, and con¬ 
ducts the air into the centraf core bar, which is in¬ 
variably made hollow and pierced with numerous holes 
for that' purpose. But tlmi'e is no venting done with 
the wire in struck-up Cores, its there is with those 
made in boxes. Thh latter are pierced with vent holes 
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similarly.to moulds, buf the hay hands and loam arc, 
wheli .di-ied, sufficiently porous in thtnnselves. 

Cores are fastened and thek vents secured in several 
different ways. In most cases they are set in print, im¬ 
pressions, but not invai-iably. If a core'is large and 
heavy, prints are not necessary. Still, in the vast majority 
of cases they -are employed. 

The forms of jrrints are various, depending on the 
position and mode of support required. Cores may rest 
in the bottom,of a mould, or be carried in the top, or 
at the sides', or be bridged across from raid portion to 
another. They may be carried by print impressidhs made 
III other cores. A core may be carried by one print only, 
or it may have several points of support. 

(icnerally th6 rule is this. A core laid in the bottom 
is sustained by the “bottom print only, the exception 
occurring when the core is so long relatively to its area 
that a bottom print alone would not afford it sufficient 
steadiness of base. In that case a top print will be used, 
or chaplet nails, or perhaps both in combination. J3ut if 
the core, plough long, has a broali base, sufficient to 
afford stejidiness, .than neither top print nor thaplet 
nails are required. A core carried ifl the side, if short 
relatively to its area, will need no other support than tlie 
side print. If long, it also mufit^be’supporteil by chaplet 
nails,’or if it passes right across a mquld, by a print on 
each side. Cores carried at tho sidfis may be either s«s- 
tained by prints of tho .tarn* kind as those rfsed in top 
and bottom, or in pocket or drop prints, dependent on cir¬ 
cumstances. Pocket prints are employed when fire joint of 
the mould does not coincidcf with the oentre of the hole.^ 
In such a case as Fig.'144, if'a round print were used it 
would have to be skewered on Iffosely, and t*he core 
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thrust in amrwards, which in' this case could ^ot be 
' done, the core being unable to jiass down by A; ”pi* the 
cope Band ipould have to,, be jointed down around the 
dotted line B, to the centre of the print, which in deep 
or in moderately deep lifts would' be very inconvenient. 
Using a pocket, or ‘ drop print,’ the lift takes place to 



Pig. 114. - I’oi Ker I’kint. 


the cop^ joint leaving a clear oiien space into which 
to drop the core, which is then filled over with sand, a 
stopping over hoard. Fig. 145, A^cut to clip the core, 
being held against the mould face while the space. B, 
abov^ the core is rammed with sand. The core is then 
permanently secured as though in a round print. 



« . * 

Pig. 14r)..^TOPi'iNu over. 


8ut ,pore setting embraces very much besides this. It 
is not always sufficient in .large cores to trust to the 
pressure of contiguous sand for' security. There is an 
enormous'liquid pressure in large moulds, and this 
would, in‘the absence of due-precautions, force the cores 
bodily out of place in thein- central portions, even if well 
secured kt the ends ia their prints; or would carry them 
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away froiji their prints il simply laid therein. A pipe 
core, or a column core, for example, would be bent and 
curved upwards until it would*nearly or quite touch the 
top of the mould. A flat core with metal ovei* its top 
face, and having therefore open space between it and the 
cope sand, would be floated up by the metal, and cause 
a waster casting. Chaplet naiU, chaplets, and ^tHps are 
therefore employed to steady cores in their proper posi¬ 
tions. The forms and sizes of th^se vary with their posi¬ 
tion and functiqn. Figs. 146 to 153 show chaplets in situ. 
In Fig. 146, B’, is a chaplet nail driven into'a block of 
wood. A', to afford breadth and steadiness of ba4fe in the 
yielding sand. The height of this nail is adjusted to the 
thickness, B, of metal required. Upon the flat head, C, 
of the nail rests the core, C. Fig. 147 shows another 
chaplet made by riveting a bit of iron rod, B', into a 
flat plate, A', and used for a heavier class of work than 
the common chaplet nail. Here A is the core the uptvard 
thrust of which is sustained by the flat, A', of the chaplet, 
which passes through the cope sandj B, being supported 
cither agaipst the inside face of a flat bar of the flask, or 
a bar of iron, C, placecf temporarily across, as shown, td 
fulfil the same purpose. I) is the thickness of metal 
between the upper face of the core, 4> and the dower face 
of the cope, B. Fig. 148 #hows arfother chaplet which 
lies entirely bjtween core and mould faces, and having 
a thickness equal to the thickness, M, of the metal. In 
large heavy moulds thesfe chaplets will be of cbrrespond- 
ingly large area, so that two or three stalks may be 
required to connect the plates. Fig. 149. *In light 
work not subject to much t»ressure, spring cha'^jlets are ^ 
used,‘consisting of plbces of hoop iron bent round. 
These wp retained in place by theft elasticity, and are 
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mostly used against vertical or nearly vertical faces, 
Fig. 150. 

Chaplets ^ave their faces curved when they abut against 



Fto. 148. Fm. 14!t.- Tkii’LK Fio. l-'in. 

OnAPLET. Stud Ciiapi.ht. SriiiNo Chapi.et. 



curved faces. Figs. 151,152, shov two such forms, modi¬ 
fications nf Figs, lie, 147. The core rests upon the 
stud in Fig. 151, but in Fig. 152 the stud is introduced to 
resist the upward pressure of the core. Pig. 153 shows a 
stop employed when the mould is subject to very great 
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pressure. It is made of cast or wrought iron, and turned 
bright, or ground. 

The evil of stops and chaplets is their* tendency to 
cause blow holes in their vicinity. Should thfey become 
rusty the mould is absolutely certain to blow very badly, 
owing to the formation of gaseous compounds from the 
rust. Chaplet nails are often tinned to prevent rust. 
With the same object wrought iron chaplets, made by 
the foundry smith, are hea|cd*to redness in the fire and. 
brushed over.with tar or oil. Oil is also poured around 
and over (•ha))lcts while in place to prevent formation 
of rust during the time intervening before casting, and 
to cause the iron to lie quietly on the cold metal. In all 
but the thinnest castings the chaplet stalks become more, 

or less fused ‘by the metal ‘'iirrounding them. But the 

• . 

heads Tisually remain visible, and do not amalgaJnate 
properly. Hence chaplets should never, if it can be 
avoided, be placed against faces or parts which Rave lo 
be bored or turned, , 

It is not only necessary to fix and properly vent cores, 
but to tecure the vents as well, that is, to ,seo that 
adequate provision is made for the escape of^thT. air and 
gas from the interior of the core to flie outer atmosphere. 
The vent openings must be so secured thaft' there shall 
be no chance of the entry qf the molten’nretal into them. 
If R gets in, the gas will not come .out, and the C 9 , 8 tiug 
will blow, and become a wastes. A chapter couW wrii be 
entirely devoted to th'is subject of securing' of vents, so 
important is it, and so many are the methods adopted to 
attain this end, but we must be content to note a few 
leading points bearing tSeleon. Thus, it is risky to bring 
core vents off against an abutting face .simply, unless 
means are taken to prevent an/possibility of the pres- 
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sure of metal causing an opening between the faces to 
occur. There is less risk, however, in horizoiital than in 
vertical faces"and of the two"a lower horizontal face stands 
less risk than an upper one, because the cope is '.able 
to, and does usually, lift slightly. Where vents are carried 
down through the bottom, they are taken into a coke bed, 
as already explained, p. 164, and thence out through a 
vent pipe or pipes. When they are brought into the cope, 
they are usually carried into one or two large holes cut 
through the ,cope sand. 

But prints afford the best means of securing cores, 
because if any slight separation of the core and mould 
occurs under pressure, the metal cannot, if the core and 
print are mutually good-fitting, run between them into 
the vents. Properly the cores shoo'd be cemented into 
their prints by means of core sand, or of black wash. 
This is usually done only in the most important work. 
In most cases it is sufficient, after the core has been 
thrust into its print, to press r.nd consclidate sand around 
and into the joint. 

When^ distinct cores ipeet each, other in the mould, 
vents should onlj' be carried from onfe into the other 
when they can be secured through a print impression, one 
thus being ch'^c'^ed into the other. When the joint is 
only a butt joint, then the c&re vents must be filled with 
sand immediately against the abutting faces, and the air 
be brought q,way at the opposite ends, where the cores fit 
the print impressions of the mould itself. 

In the case of cores struck upon revolving core bars, 
the air, aftgr being brought into the bars, is carried out 
at the ends. 

Cores are ^dried in stores or ovenn heated with coke 
fires or gas. The smaller cores are d'^ied in ovens having 
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a capaeitj of a few cubie feet only; for the larger ones 
stoves of from 18 ft. to 24 ft. long, 10 ft. to 14 ft. wide, 
and 10 ft. to 12 ft. in height,* are omployeck These are 
built of brickwork, aijd furnished with foldingl)r sliding 
doors. The cores are laid upon a core carriage, which’ is 



a low iron carriage running on tram rails, and provided ‘ 
with suitable suppofls for the ends of the core bars, and 
with flat plates for cores' made in boxes, and those formed 
with strickles. A temperature of about 400' is saitable 



Pia. 165. —Pattebn ob Tuvebe. 


for fhe drying of cores :*excess of heat burns the hay, and 
makes the sand or loam rotten «n3 friable. 

The illustrations show the pattern-work and moulding 
for a small tuyere, selected because it is an example of 
double coring 

Pig. 154 shows the tuy^ife casting in longifudinal sec¬ 
tion, and the pattern-work aritt moulding are illustrated in 
subsequent Figs. Looking at Fig. f54 it is sehn t\iat there 
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are two cores entirely unconneeied, A being that for the 
blast passage, B th4t for the water chamber. 'J'he tube 
containingrl‘is cast to the otitor body at the fire end; at the 
other it is connected to the body vyith a shallow bridge of 
metal, C. In moulding this a plain j)attern is used, Fig. 
loo, having a print at each end, and two separate cores 
are employed for taking out the interior. As these cores 
must be maintained concentrically, provision is made for 
this in the manner shown ip Figs, ini; and 157, 

Fig. 15ti is a plan view of the core-box in the joint-face. 
As the core is absolntdy symmetric.al, one hall'-box only 



I’lO. 15(>. — CoitE Box FOit J liYliKK. 

\ i. K • 

I* I 

is made. The maip portion is cut through with planes 
to the bounding lines of the body corci and the ends 
are screwed en <>joparately, as indicated by the direction 
of the grain of the timber. “The^ large end of the pore- 
bo.x1s extended to t-orrespond with the coi'c print A in 
Fig. 155, which insures fhe conce.ntricity of the body core 
in the mould (see Fig. 157). The similar disposition of 
the water -tube and its core is determined by cutting 
holes, one, at each end of (lyi core-box, by which the 
tube piece is centred and ifs core,by the print B on the 
pattern,-Fig. 155, aijd by the print E turned on the 
tube-piece in Fig. 156. The,bridge-piece (', Pig. 154, 
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which connects the tnhe to tlie body, is rebated into 
the tube-piece in Fig. 150, and drops into shallow re¬ 
cesses in the sides of the core-hox. The lange D in 
Fig. 154, towhicli the blast-pipe is bolted, is seea should¬ 
ered over the tube-.piece in Pig. 150. Everything, there¬ 
fore, is central, and nothing can become displaijed during 
ramming of the core. 

The two half-cores made from the box in Fig. 150 are 
not cemented together. Each is vented separately, the 
vents being brought out through the print ends at J, 



Fig. 155. The mam cores are cameo aaoiie euu oiuj m 
a print impression—at the end A. At the opposite end, 
chaplets are inserted to support .them centrally. The 
middle core for the water passage is perfectly straight, 
and* is lowered into its print impressions in core^ and 
mould in the bottom box. The.tof) half-core and m#nld 
are lowered over it. 

The same principles which govern the construction of 
patterns must be regarded in the construction of core 
boxes. Thus, regard must he had to •taper ahd. such ar¬ 
rangements of loose pieces ad permit of ready withdrawal, 
strength of parts, economy of Material, Und so forth. 
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Further, it is always best when practicable to avoid the 
turning over of heavy cores, wliich is apt to cause their 
fracture. Is. most cases it is quite as easy to make the 
box so that the core shall be rammed up just as it has to 
stand in the mould—that is, top side up—as in any other 
way. Especially is this precaution necessary when grids 
and eyes are in question, the eyes being required upper¬ 
most for lifting the cores by. The i>atternmaker should 
bear this in mind when making his boxes. 

There are many cores rammed in boxes which are sym¬ 
metrical; and in these cases a half-box suffices, and a 
considerable saving is effected in material and cost of 
work inJ;he pattern shop. Take a core like that shown 
in Pig. 157 as typical of a numerous class in which both 
halves are precisely alike; hence two halves are rammed 
separately, the joint faces sleeked level and united either 
while green or dry. In such cases each half of the core 
requifes its separate grid. Taking a core which is united 
while green one half is first rammed in the box, bedding 
in during the process the “ grid ” or “ core iron ”; and 
in cases where there are thin sections of sand, nails are 
put in precisely as in the weak portions of moqlds. The 
sand is made complete to the joint face, and then a 
vent channel, rudely semicircular in section, is cut with 
the trowel, if the core is o)E large size—or when small, 
if the sand is close—vents are driven from this channel 
radiallr to the inside ‘faces of the box. But if the core is 
small and the sand is open, there is no need to do so. 
The half-core is now lifted out with the grid and laid 
with its convex face downwards upon a bed of soft 
moulding sand. The corresponding half-core is then 
similarly made, turned over, and" pressed down on the 
joint face oi the first, the moisture and slight pressure 
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causing- adhesion. The* union is frequently assisted by 
sticking nails ujjward in the joint and allowing them to 
enter at equal distances into both halvet. When the 
cores are made in halves, and united after di^’ing, they 
are stuck with a wash of clay-water or of “ slurry ” 
made of thin loam and water. When core% which are 
unsymmetrical, but of circular section, are made in 
complete bo.ves, they are, if of moderate or considerable 
length, rammed in halves and«squeezed together with or, 
without a tliin wash of clay-water intervening. Such 
cores must be turned over and laid whilC green on a 
bed of soft moulding sand before being put into the 
stove to dry. 

A convenient mode of turning a core over without 
damaging it'whenji large number are required is to use 
a light frame of wood, or preferably of iron, which is 
placed upon a quantity of loose green sand thrown upon 
the finished core, thus confining the sand in place. The 
frame, core and h^ilf-box aje turned bodily over, and the 
half-box, then uppermost, is lifted away, leaving the 
core* resting upon the soft cushion of s^nd confined by 
the frame. It is very simple, and oftemsaves tBb fracture 
of delicate cores. 
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LOAM WOnK 

TnK advaiita;,'e of loam mcjiilding consists in the facilities 
■which it affords for makiri}' castings of the ,'uost massive 
character without incurring much expense for pattern 
making. Phe apparatus used is of the most simple de¬ 
scription, consisting of spindle, bar, and striking boards; 
the materials being loam, bricks, and cinders: with the 
aid of these the largest and heaviest castings are made. 

Loam work is a specialized branch, which all moulders 
have not had an opportunity of accpiiring, hence its ex¬ 
clusiveness; but it is not more intrinsically difficult 
than the other branches. I am inclined to think it easier 
of acipiisition; but here, as in many other instances, the 
question is one of supply and deimind, rather than of 
special difficulty.^ Also, large loam fnoulds are costly, and 
men are jiaid then for their care, as well as skill and 
special knowledge. The mould for a condenser, or for a 
large cylinder, will often occiqi/ a couple or three men 
for nearly a month, hence the matter of two or three 
day?,' time, more or 4oqs, is of small account in com¬ 
parison with the soundness of the casting. 

The art of loam moulding, after the first principles are 
mastered, lies in the exercise of the inventive faculty, the 
ability to scheme .the best tnethods, to elaborate the 
safest, and on the whole the-cheapest tackle: to conceive 
the main'plan, and to execute the lesser details with a 
234 ' 
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clear head, guided by the lessons born of experience. 
Loan! moulding is an art in itself, ifnd a man who can 
undertake any job, large and sftiall, devise, arM make, and 
rig up his tackle, an^i produce unitorml;^ safb results,-, 
need never swell the ranks of the unemployed —he is in¬ 
dispensable. 

It is a great advantage to a loam moulder to be able 
to read a drawing correctly. If be cannot do so, he has, 
in intricate work, to depenij on the explanations of the, 
pattern maker before he can set about his task, or even 
decide how to do it, or line out his centres.* Some loam 
moulders are quite independent of the pattern*maker in 
this respect, doing all the lining out themselves# 



'Fig. Enuink Ctlikdeb. 

So*mach maybe s^iid about loam work# so majjy differ¬ 
ent cas(« may arise in practice, that the besj w\v will be 
to take some concrete and ]ilain examples and make them 
the vehicle for remarks q» loam moulding ifi general. 

The example selected is Fig. 158 'is the base which 
forms the bottom cov?r of the cylisder of a condensing 
beam engine. The to^ face A , as the casting stamdswlien. 
in position, is mouliied and cast downwards, to ensure 
soundness. 

The apparatus used is as follows: in Fig. 159, A is 
the striking bar, B its so'kct. The Wket, *of-cast irpn, 
is firmly embedded in the‘floor and levelled, its broad , 
bracketed face maintaining it sufficiently steady. It is 
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bored out to receive the turned tapered end of the bar, 
or it is cast around the turned tapered end, in either 
case niakin^; a close, yet ivorking fit. The tapered end 
is long, so that as the bar revolves, its top end shall not 
diverge sensibly from the perpendicular. Over the bar 
slides free'y the strap C, which is pinched at any required 
height with its set screw. To the strap is bolted the 
strikku/ hoard or loam, board D, the profile of the edges 
of which corresponds in the main, though not in all de¬ 
tails, with the sectional shape of the easting required. 
F is the lo(tm platr or building up plate, made of cast 
iron in open sand, without a pattern, by means of sweeps 
only. 

Fig. 159 represents an early stage of operations. The 
socket, B, is set in place, the loam plate, F, levelled 
roughly on blocking pieces, G, or other convenient sup¬ 
ports, the loam board, D, notched out to clear the boss 
of the' strap, and bolted thereto. The breadth of the 
sides of the bar A is definite, being usually in., 2 in., 
2| in., or 2^ in., so that the radius of the board D is 
less than the radius of the casting by an amount 'equal 
to H, thd’ radius of the bar. It is easy to see the coin¬ 
cidence of the board'with the outside of the casting by 
comparing Figs. 158, 159, the only point of difference 
being the strip,’/, which'is screwed on temporarily to make 
a parting joint, J, for convenience,' and the s<-ep or check, 
K, which makes the to^ or cope joint. The edge of the 
board is chaiiifered, as shown at L', to avoid dragging up 
and tearing out of the loam. It is evident that loam 
boards should be truly level in order to ensure the striking 
of a level mfiuld. Hence the top’ edge should, in shallow 
moulds, be planed square with' the end which abuts against 
the bar, and d level trid'd upon it, as shown at Z. 





Fia. ] .to.—L oam 









238 


PRACTICAL IllON FOUNDING 


When moulds are deep, the bar is apt to sag at the top, 
and to cause the diameter to alter. For this reason, and 
partly also to check any^ error in the cutting of the 
hoard, diq,meter strips and calipers arc used foi- measure¬ 
ment of the mould. Fig. 100 shows the strip used for 
testing the interior of a mould, being made to clip 
the bar; and Fig. 101 the wooden calipers for the ex¬ 
terior. Their purpose is so obvious that they require no 
explanation. 

A thin coating of stiff loaiu is first .spread over plate F, 
Fig. 1.5!), and upon this the bricks, M, M. are bedded. 
'I’he brick,ing up is a vital matter, since tiie bricks must 
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bind one another by being made to break joint, ^just as in 
masonry. Since moulds are irregular, and bricks are 
pretty uniform in sjze, the value of the broken bricks 
from previous moulds is apparent. These should be util¬ 
ized as much-as possible instei.d of breaking new bricks. 
It is not possible bor necessary to maintain such regu¬ 
larity as in masonry—the appearance of a bricked up 
mould is rather that of ^<'ig. 159 (plan). In building up 
cylindrical work the general rule is to keep the broken 
bricks next the mould face, and the whole bricks as a 
backing. The brojien bricks, conduce to better venting 
dian the whole ones would lio. 

When a mould is ow 18 in. or 24 in, in depth, a cast 
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iron ring is built in at £»bout every six courses, to assist 
in binding tbe bricks together. , 

• The joints of the liricks aije not only wi^e apart, but 
large quantities of fine cinders are interspersed with the 
loam in the joints. Iliese are introduced for the purpose 
of venting, which is a heltor and more certain method 
than venting with the wire, though the wire is sometimes 
used in some sections where the loam happens to be 
massed in ([uantity in a mould, There must he sufficient 
coarse loam iiitermixcd with the ashes to hind the hi icks 
together. The layers of brick .1/' and M" are then built 
up in like fashion, with loam and ashes intejmixed. A 
space of about 1 in. is left between the bricks and the 
(;(lge of the hoard, and about j in. of this is daubed well 
over with stiff coarse loam—coarse loam because it’ 
aflorda a belter veiTt to the gases and air, than finer and 
therefore closer loam Vould do. The work is then left 
standing for a few hours in order that the loam may.stiffeu. 
Afterwards the final coat of loam, passed through a fine 
sieve, is struck on* and finished by the edge of the board. 
Several ^sweepings around of the board are necessary to 
impart the final smoothness to the surface;*lhen the 
mould is put into the stove to be dried. At this stage 
therefore the mould is completed uj) to jginl J, which 
coincides with the loweii*faoe of the flg,Bge B in b’ig. l.'iS, 

the mould being ma^e, as just now' remar' ' '' *—. 

the casting upside down. 

I'Tg. 102 illustrates* the next stage. A uiinii null piciuCj 
G, is made, a thin ebating of loam swept over one face 
and dried. The flange space N, already struck, as in 
Fig. 159, is filled up temporarily witl^ moulding sand level 
with the joint J, and then the loamed face of G is turfied 
over thereon, parting sand intervening. The* strip I, in 
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Fig. 159, is unscrewed from the hoard, and the second 
stage of bricking up is done on plate (}, Fig. 102. 

Sometimes ring plates are used similar to G, merely 
for the convenience of parting a mould which is too deep 
to go into the drying stove entire. "The upper portion of 
the mould is then lifted off on its ring before being put 
into the stove, and is replaced after it has been dried. 
The ring is like G, but its function is different, <r in 
Fig. 162 being necessary because the under face of flange 
N could not be struck at the same time as the lower portion 
of the mould in Fig. 159, without much difficulty, due to 
falling down of the loam. 

There are four rilis, Pig. 158, cast between the 
flanges. These arc made by imbedding four pattern ribs, 
(), Fig. 102, in corresponding positions, and spaces are 
cast out of the plate, G, to receive these. Whenever ribs, 
facings, brackets, flanges, which cannot be struck, occur 
in loam moulds, patterns of these have to be made as in 
ordinary work. In some cases where the work is intricate 
this becomes a source of trounle to the moulder. In the 
first place it is not easy to set sectional portions of wood 
very accurately m yielding loam. Thto the wood remains 
in the loam lor several hours, more often for days, and 
is liable, by its distortion, to produce inaccuracy. Again, 
it is not so easy t» secure a hoft:ogeneous face of loam 
by building bricks against wood as it is by striking loaan 
upon bricks. The w'ocd has to remain in the mould 
either until the loam has become stiffened or until after 
it has been baked in the stove. In bither case the with¬ 
drawal of the wood tends to damage the mould—more 
when it is baked, because the loasn then absorbs some of 
the*oily matter from the wood. This makes mending up 
of the faces troublesome, the oily surface not taking 
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kindly to the wet loam used in mending. In such cases 
the surfaces should be scraped before being mended. It 
is the usual r>-actice to oil the surfaces of the woodwork 
imbedded in oam; but this only partially assists the 
stripping. The ribs in the illustration, though suggesting 
these remarks, are so plain that they would cause no 
trouble. It is in work of a more intricate character that 
trouble occurs. 

At P in Fig. 1(12 are bricks which are made of loam, 
moulded into the shape of bricks, and dried. These 
occupy the spaces between the ribs. Loam brickn, as they 
are termed, are frequently used in moulds of this char¬ 
acter wherever there are narrow spaces between flanges, 
or brackets, or ribs. One reason is, that if the shrinkage 
of the casting takes place against hard unyielding bricks, 
the iron is liable to fracture. If loam bricks are used, 
they crush and yield before the shrinking metal. They 
have, moreover, the additional advantage of forming a 
good medium for venting, and this is an important 
point. In intricate portions of moulds it is safer to use 
loam bricks and an extra thickness of loam vented with 
the wire', than tc bring the common bricks very near the 
surface. A thin body of loam against common bricks is 
always liable .to become detached, and to cause scabbing 
by reason of the bubbling of the metal thereon. 

Outside the loam bricks P, a layer of common bricks, 

Q, ic built, and over th’s again another similar course 
Q'. The thickness of loam is daubed and swept over 
the faces of the bricks according to the profile of the 
board D. 

The cope, and the central core yet remain. A plate. 

R, Fig. 168, is cast, studded over with prods to hold the 
loam which is swept over its face, as shown—the check £ 
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l)cing formed to correspond with the reverse checJi K in 
Fig. 162—and allowedi to set lirmly. Wliile it is setting, 
the plate U is ^)p,rtly loamed up on separate blocking.' 
The future posi ,^n of this plate is seen in Fig. 163: the 
arms .S', shown at D, in Fig. aro laid in due posi¬ 
tion, and stifl" loam is daubed around them, so that when 
this sets the arms are kept jiretty rigiilly in place. 
While the loam is setting, tho work on plate K is con¬ 
tinued; courses of bricks, U, II, are built upon the bed 
which has been iilready struck with the board, the joints 
being vented with cinders, or with the wire, tioarse loam 
is daubed around the outside, and also on tho top of the 
uppermost Jayer. Then the plate, II, is laid upon the top 
layer of loam, Fig. 163. The irons, T, are for the purpose 
of wedging up and securing the core and' cope when 
finally in place. 77, bedding firmly on the loam', the 
spaces between the ribs are filled in with loam bricks, 
U', and these, with the deep prods cast on the plate, 
together with the stiff loam daubed between them all, 
form, when dried, a solid mass which can be turned over 
with perfect safety for closing the mould. The block’IF, 
which given the metal around the termination of the 
bottom steam paSiSage of the cylinder, E, in Fig. 158, is 
bedded in, and the whole surfacp is lastly swept up and 
finished with fine loam, SS, and the whole dried bodily 
in the stove. 

_ The7arning over of a body of bricks, etc., like that in 
•Fig. 168, is only done in cases where,the mass is not ex¬ 
cessive. In the example which we have selected there is no 
difiSculty or rifek involved in turning over. But in some 
heavy work it would" be necestdry to make a reverse 
* mould, and to daub the loam upon that, standing thus in 
the position 'in which it is to stand when finished. Also 



Pio. Loam M*itri.oiNO. 

























24S • PRACTICAL IRON FOUND^IIG 

I 

where a reverse mould would not be suitabb , the prin¬ 
ciple adopted in Fi". 162 is often (‘iui)loyitd, that, namely, 
of striking onfif'ortion of a mould u|iou another, using a 
parting riri|j, fJf, 'and parting sand. , 

Loam, like dry sand, must be thoroughly dried, so 
that no steam issues therefrom. When dried, the mould 
is blackened with wet blacking, and, as soon as this is 
dry, the mould should lie linally closed for casting. The 
»hecka K, in Fi”s. 162. Kkh-furnish an accurate means of 
joining the top and bottom jjortions of tbe mould. Holes 
cut at r, Fi". 161, enable tbe moulder to set whether the 
ooincidenc^of the joints is correct, and if not, where to 
lile away the loam. 

Pig. 164 show.s the mould closed in readiness to be placed 
in the casting pit. Similar j’(!l'ei'ence Ipttei's will assist in 
the recognition of parts identical ,with those in tlfe pre¬ 
vious figures, and the outline of the mould is also dotted. 
The eyes V receive the rods V, which are secured with 
the wedges F", thus securing,the central core,and cope 
in place. The top and bottom plates, li, F, are clamped 
together,with the clamps X', Z', which are cvedged. 
Runner pins, are inserted at x, to keep the ingates clear 
during the time of closing, and of placing in the pit. 
Then the pouting bashifPig. 164, A’, and riser cups. A", are 
made, and all is I'feady for pouring. In cases where the 
mould is of considerable size the‘practice is to fill fhe 
' centrtil space of a bricked up core, as HB, in Pig. 163, 
with cinders, 'previous to casting. If this precaution were 
not taken, the air filling the vacant space would rush 
out with explosive violence on the pouring of the metal. 
Tl\e cinders'form a natural vent, to the exclusion of 
I xcess of air. 

Feeding is performeef at the riser cups A", and at the 
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pouring 'basin X. Vents are brought away all over the 
surface of the cope, and also from the bottom, the latter 
through diagonal vent pipes. ’ 

The mould is sun|j into the floor, or Jiit, 'and sand 
rammed around it in order to prevent risk of the liquid 



Fig. 1u5. —Soap Boiling Pan. 

pressure from forcing out the bricks composing the- 
iimuld.. j'or large trork, therefore, special pits are built 
in the foundry floor, fhese, when permanent, are built 
up witli cast iron plates, or rings. They are made of 



depth and diameter most suilahle for the special require¬ 
ments of the foundry .. 

Fig. 105 illustrates a soap boiling pan, and Pigs. 160 
to 170 show how th^loam mould was made. It was (jast 
bottom upwards. Tlie hole *n the bottom receives a dished 
or cup-shaped vessjl (nqt shownj surrounSed by a flange 
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which was boitod to the inner face of the flange on th( 
casting, so forming the bottom of the i^an. 

First tile vutside was swept up, and then removed to 
.e,llow of Jigg^g up the board for sweeping the nner or 
coredpiortion. Fig. Ififl shows thc^’st stage in the work. 
Plato J, about 3 in. thick, is cast with jirods and .sup¬ 
ported on wood blocking, and then a level loam joint 
face a is swept on it with the board B wliicb is bolted to 
a strap set on the ccntrat striking bar in the usual way. 



The loamed joint a Is dried, and then an outer ring of 
es.st-iroii, 7i; Fig. 167; which is^ first loamed over on the 
under side, dried and turned,over—is jointed to it, and 
on this ring the courses of bricks, iV, Fig. 167,. are built up 
„ snd fi' cetit of loam swept on the interior by the board I’, 
wliicli is made as shown, and attached to the central bar 
with two straps. Tlie board has a strip i screwed on it to 
prevent the loam from falling from the overhanging 
body on -to'the leVel bed which has been previously 
swept over the bottom plate.' 

When tills‘coat has'set sufficiently, the ring D with 
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itB bricked mould is lifted away, hung by its lugs in the 
crane slings, and is put in the ove« to drj- while the 
inner portion or core is being swept up. Fig. 168 shows 
tlie bricking up on the plate G, and the sweeping board-. 
II rigged up. To .allow the metal to shrink in cooling 
without risk of fracture, four tiers of loam bricks are 
built up between the common bricks, 90° apart. These 
are broken out with a bar soon after the casting has set, 



and so leave the hard bripks free to" yield before the 
shrinking casting withdUt risk of fracture of the latter. 
The overhang of the board is stifened, and prevented 
from wobbling and dragging by means of an iron strap./, 
attached as seen in Pig. 108. When finished,.the bottom 
plate with its core is put bodily into the stove and 
dried, and afterwards the*o*utside mould is put" in posi¬ 
tion finally. 

Figs 169 and 170|how_the top of the mould, which is 
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a plain cope only. It is formed of a plate K exactly like 
the bottom plate A in Fig. 1(!6, with prods, loamed, and 
swept level'with the hoard B in Pig. 166 to make the 
•joint face' <• in Fig. 169. Six holes are cast in tl e plate 
through which the ingates d pass, the- pan being poured 
thus. A pouring basin in sand is rammed on top, through 
which the runners are filled. This is conveniently formed 
in the manner shown in Figs. 1()9 and 170. Two cast iron 
• pit rings c, e, are selected of any approximate diameters 
suitable, and laid concentrically on the lop plate, and 
the annular )ioui ing basin is made up between them as 
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seen in section'in Fig. 169, half-a-dozen riiiiper sticks 
being set in, while' the basin is being moulded by the 
rammer, and smooth.-d by tlip hands. This is preferable 
to allowing the metal to enter by one or by two ingates 
only, at opimsite sides, as it wcKild have e tendency to 
chiK ki filling the mould. Entering hot at so many 
different places there is no risk .of cold shuts or of im¬ 
perfect edges. 

It is better to conduct the metal through an exterior 
Ijasin E than to pour it directly into the annular channel, 
which if attempted would 'probab'ly result in the falling 
of driblets of metaPinto the mould, to become chilled 
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Defovft the* l 3 ,clle co«l(l he properly adjusted to pour the 
aiaiii volume. Pouring the metal inter the basin L, exact 
idjustment of the ladle is effected, while the btisin slowly 
Slls, after which a steady volume being emptied'into it, 
overflows into the annular basin, and through the in¬ 
gates (i. The basin Jj is made within any moutding box 
part ./'of suitable size, prevented from shifting by an en¬ 



closing body of sand. Opposite it is tiic now-on basin M. 
This is made» of sand albne, supportad by ramming jn a 
few wetted bricks. 

The top and bottom plates K and A are secured during 
pouring by means of iron clamps N, seen, in Fig. 170 
and to the right of Pig. 169, held fast with wedges. For 
casting, the mould is placed in a convenient pit 0, Fi^. 
169 and 170. The inferior of *the core has been filled xyith 
cinders to receive the^ases quietly, and prevent explosion. 
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These are conducted away through a centra? pipe. The 
outside is rammed around with sand to prevent displace¬ 
ment of the bricks by the liquid pressure. The outer air 
will coine up through the sand which will be will vented 
vertically with the vent wire. 

Loam-patterns. —These constitute another type of this 
branch of work, having a single point only in common 
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with loam monlds-»-the materialf in which ttiey are made. 
They sre employed wheli the work is of a medium size— 
too small to be struck upon bricks, yet so large as to in¬ 
volve costly.outlay for patterns in wood. They are struck 
up pretty much like cores on core bars, except that no 
venting is required, and the surface is protected and 
rendered hard with a coating of i tar. In many cases, 
however, as when one casting, only, is required, the core 
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is struck fixst and vented in the usual way, and then a 
body of loamj representing the thickness of metal in the 
casting, is struck thereon, a coat of black was!i»interven- 
ing. The mould is then made and the thickness re¬ 
moved, the black wash acting as a parting, allowing of 
the ready peeling off of the thickness, and thes core is 
jilaccd in its mould. The boards used for striking are 
similar to those used for striking cores. 

The figures illustrate the manner in which the pattern 
for one of the lifting cylinders of a hydraulic crane can 
be made. They afford a good example of the economy of 
patlernmaking in loam when the cylinder is krge in 
diameter and of considerable length. In this case it is 
1'2 ft. long by 18 in. diameter. 

Fig. 171 shows*the casting. The bracket for the bottom 
chain pulleys is bolted to^tho llange A, while the end B 
forms the stuffing box for the ram; and by means of 
the facing strips shown at the sides three cylinders "are 
bolted to each other on one. side, and to the cheeks 
►which form the side members of the crane post on the 
other. 

This is not a loam pattern pure and simple, Uht one 
of a composite character, being partly Jf loam and partly 
of wood. It is clear that the,more iniricate and delicate 
portions of patterns cannot be fornaed^ economically 
or stAmgly irv loam as <10 wood, heijce there are fpw 
patterns which are constructed entifely of loam, eBotpt 
those of the very simpl^t and most symmetrical types. 
Generally, as in this instance, the main body is of loam, 
and the small attachments are of wood. 

The loam body is made a^ follows: A iommon core-bar 
(Pig. 172, A) is used, anS hay bands are wrapped around 
it, sufficient in number to make up fhe size df the body 



254 


PBACTICAL IKON FOUkmNG 


required. There is no need to use plates in -a case like 
this (such as are' rif'ged up when sweejung cores), be¬ 
cause a bUr sufficiently rigid in itself can be selected 
without further aid from plates, A plate mus*- be used 
at each end, in order to afford support to the loam there. 
Hay bairds and loam alone form the pattern body. The 
bands, especially the lirst layer or two, must be left 
rather open, and the loam worked into the openings, 
going down to the cotebar, and becoming interlocked 
and held fast among the bands, so that there will be no 
risk of its flaking off afterwards. 

As in'koremaking, the first application must be allowed 
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to become partially set before the final coat'is'put on, 
and the last coat of all must he thinner and. finer than 
that used for .the ihain body. Fig. 172 shows the pattern 
at this stafije, A being the .bar, B the body, C the head 
metal, and D, iT the printq. 

The mode of attfichment of the wood fit,ti.ng8 to a‘ loam 
pattawi is governed'by the facilities which are afforded 
by the sha'^e of the jiattern itself. Loose fittings are apt 
to become rammed out of truth, since the same means 
are not available for the attachment of wood to loam as 
for wood to wood*. Screws dannot be inserted, and nails, 
though used, afford but a' flimsy fastening in the loam, 
and their ‘principal* use is to steady rather than to 
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secure. Square-shouldered portions (f i.q. 172, a) afford 
ample means of security when wood is fitted to loam, 
because where such a deep shoulder exist* it gives a 
good bedding for a wpod fitting without any fSistening,.. 
and the latter is readily held against the shoulder by 
pressure of the hand while the first poi'tions of sand are 
being rammed around it. A recess like that at l> is more 
secure still. Often, however, there need be, no better fit- 
uig than that which a butt ioiirt affords. Then the wood, 
portion may he either set and kept in pface by careful 
measurement, with rule, straightedge, or square; or in 
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soir.e*c 0 Bes slight as^sistance can be derwed frejm nails 
passing flecply into the loam, either through *lhe wood 
or alongside of it. 

P’ig. 173 shows the mojje of attachnmntjof the bottom 
flange A in Pig. 171 aga'ingt the ‘sh'^er a in Pig. 172 
one-half th» flange only being in pla^ie, a face view gf the 
same half being given to the left. The flange isHiimply 
held against the square shoulder until suflicient sand has 
been tucked around to keep it in position The facings 
and core prints are self-explanatory. 

Pigs. 174 to 176 illustrate the fittihgs which go at the 
head B in Pig. 171.,The fl*ige B forms—along with the 
flanges C, C by which the cylinders are bolted together 
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and to the post, the ribs d, d stiffening these—‘together 
with sundry prints end planing strips—a single pattern 
piece which drops over the jwrtion marked b, E, in Fig. 
172; the ilangejBin Figs. 174 and 176 dropping i’.to b in 
Fig. 172, and the liat E in Fig. 172 being filed to allow 
the width l> in Fig. 176 to embrace it. In the absence of 
the fiats, the facings C, C in Pig. 176 would have to be 
cut away to fit the circular body of loam, which would 
not be so conveniently done. 

'ihe prints E, E are merely for lightening recesses, 



Fio. 176. - Fi'i. 176. 

Wood Pittinos. 

and the pocket or drop prints e, e. are for the^bolt holes. 
This entire piece is retained in the groove h in Fig. 172, 
and therefoie'’requireK no assistance or support when 
ramming. 

The appearance of the completed patter^ is seen in 
Fig. 177, the view being taken looking down on it from 
above, so that the joints in the fitfengs do not show. 

The econoipy of making large loam patterns is well 
illustrated in this example, both in regard to time and 
mg.terial saW Hay bands and |oam do not cost so 
much as wood, nor does the 'striking up occupy so much 
lime as the turning of*timber. ^But^^the latter is never- 
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tlieless cteaper when thire are many eastings required, 
even though the pattern should be large. The question 
is merely one of relative cost. In this case*the pattern 
was of large dimensions, and only three castihgs were-, 
required. The storage room necessary for large woo’d 
patterns also has to be considered when deciding between 
timber and loam. 

Loam patterns which are swept up arc necessarily nn- 
jointed, which is a slight disadvantage, because they can¬ 
not be laid upgn a bottom board, neither h^ve they a flat 
ceutral face’ from which to square up and mark off the 



positioos,of tliiir attachments. Hence centre lings have 
to be obtained by rule, compasses, and atraight^ge, and 
most squaring up must be done I'ronI the. outer surface 
of the body or by geometriiyil iiiea mi. • • 

A\ lien moulding a solid {Tatteru ot tliis'Eind it is bedded 
in the sand 0 / the floor «ind covered jvith a top part; or 
in a complete Ilask. If in the laitef, the box partJjdiich 
is to come in the bottojn is rammed over it.* Then it is 
turned over and the top rammed on. Or, if east in the 
floor, it will be bedded-in like any other pattern, and the 
top part rammed. In eitlfd’ case a Idngitudinal centre 
line is marked deeply Sown each side as a guide to the 
moulder f* marking ?iis parting jittnt by, afid edges 
B 
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of the flanges must be tried with parallel or winding 
strips before the rnmming is completed, and if out of 
truth with each other must be corrected. 

Cylinders of this character are cast on end to ensure 
closeness of metal, since they have to stand very high 
pressures. The metal is poured at the top, and falls the 
entire depth; and though poured as “ dead ” as it is safe 
to run it, and the mould made of dry sand, the iron will 
cut up and burn into the bottom portion of the mould. 
The driving iii of a number of flat-headed nails in close 
contiguity (b'ig. 178), just level with the surface of the 
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Bottom or iMoui.d. 

sand, and well oiling them, will prevent this cutting up 
and burning, by giving the metal a hard bod to fall on. 

Loam patterns of irregular outline are worked up will" 
strickles; guidance to which is afforded by means of guidi 
irons, or by striking [ilates. The principle is simple 
Fig. 179 shovi;p a strickle of half a pipe, working by means 
of a check againsv a guide iron, A , which is curved longi¬ 
tudinally to correspond with the required outline of* the 
pipe Fig. 180. The guide iron remains in the same posi¬ 
tion for both core and pattern, the concentricity of core 
and pattern being assured by the method of cutting the 
checks upoli'cach strickle, the distance, JS, being less in 
the pattern istrickle than in the core strickle by an amount 
equal to the thickness of metal rn the piiie to be cast. 
In making tile core, tl>o vents have lo be carried from the 
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outside.to the central‘portion, and away at the ends, 
('ores are'dilTerently made aceordiijg to their diameters. 
A small core is stiffened only with a coup’* of irons. A 
large one has a grid with prods. In a small one, the 
central vent is simply cut with a trowel in the joint after 
each half has been dried and turned over, while in a large 
one the central vent is formed by daubing the loam over a 
central body of green sand, first made roughly semi¬ 
circular with the hands. 

Fig. 180 shows the various stages in making a common 
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socket Jbend in loam. Assume, for 

the sake of definite dimensions, that • f; 

it is a 12 in. bend with I in. metaf. 


I 

f 


I 



Then the first thing is to Jay down a guide iron. A, which 
may bo i in. away fronfdhe oiitsISe/and of course 1 in. 
a\fay fromjihe core. Then the core strickle will jiave a 
1 in. check, "iFt, Fig. 179, and tJie’pattern strick’itaft | in.. 


check. Weights will |teady the guide iron.* First a body 
of green sand, C, is made roughly semicircular with the 
hands. Then wet loam is daubed upon this' and brought 


up to within about .1 in.‘of the strickle as ‘shown. Figs. 
179,180,7); a cast iron grid, E, being bedded in the loam 
at the same time. While the loanf is yet plastic, a number 
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of ^ in. or i in. boles are pierced Jhrotigli it, reaohing to 
the interior. These ase the main vents. When this coat 
of loam lias |Artly set, the finishing fine coat is laid on 
and swept Tound with the strickle, as shown at F It is 
iwo feue.\\ \\«A\C8 togetViex to 50 \T\t 
and cementad, will form a properly stiffened and vented 
core. 

The enlargement in diameter at the i^ix’ketcd end i.s 
usually made by striking «j) a ring of loam and flircad- 
ing it upon the core, its vents being brought into the 
main core vents. 

The ne^; .go, if one casting only is required, is the 
striking of the pattern thickness upon tho core. Nothing 
is moved, but the core is coated willi black wash, and 
the loam struck thereon with tho jiattern strickle, as at 
//. This also is dried. 

The socket is variously made. Sometimes the thick¬ 
ness, forming the socket core, is not put on until after 
the pipe has been moulded. The socket body is struck 
and threaded directly on the plain core as at O, or a 
standard^wooden or iron socket pattern is slipped bver. 
Sometimes tjie socket is struck up on its own core, 
either by means of a guide ring. Fig. 180, I, which 
forms a portion of the. pattern, and strickle,, J, working 
thereon transversely, dr the, two separate diameters, 
I, K, are struck with two separate utrickles wjerking from 
■the guldo iron, and the'curves hy which they merge into 
one another are rubbed by hand with rasps and glass- 
paper. 

When a pattern thickness is struck upon a core as in 
thi^ case, it'’is u8uS.lly necesM'y to secure the thick¬ 
ness firmly, during moulding and handling about, with 
flat-headed plasterers’’’or chaplet nails; without this 
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precaution the thickness is apt to peel off at the black 
wash joint. 

• When a pattern is struck, the (Iiameters'*of which vary 
at every position, no^ single templet will shape it. The'n 
strickle.s are made to the extreme diameters, and if the 
pattern is of awkward .shape, strickles also* for certain 
intermediate positions, and the loam is nibbed between 
these positions with tiles or rasps, the eye being the arbiter, 
with or without the assistance of sectional templets. 1« 
a reducing bend three such positions might be taken, 
one at each end, and one at the centre, and two guide 
irons would properly be used. The three ^irfC^les rest¬ 
ing against the guide irons would give the semicircular 
outline at each position, and tlie longitudinal outline of 
the guide irons would give the curves by which the 
joint edges of the core^ would be imparted, the strickh's 
for these being of a sectional form, giving the edges only. 

iVhen the core has been rubbed down to its proper 
curves, the thickness is vaijously put on. Thus, strickles 
jiiay be used at the ends and middle just as in the core. 
Ihit this leaves the e^'e to judge of thicl»ness,^which in 
thin castings is too risky. Hence tbitfkneijs pieces are 
llttod to the core, being either wood strips, curved or 
straight, gauged to thickjiess, or« flat-hejdt!d nails are 
driven in by templet, 'fhpse aff^ d guide by which 
th^ loam iSjdaubed on and strickl^d off. All these are 
easily removed after the patters is moulded and die core 
is required. 

The flanges on loam patterns are usually ipade in wood, 
and they rest against the shoulders of the loam which 
forms the pattern thickn^sS. Those slioulders are the*e- 
fore filed quite square after ttie thickness has ijeen dried 
in the stove. 
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In some loam patterns there* is a Rrcat deal of this 
fitting of wooden parts, j)ortion8 which cannot bo made 
in loam bein^ conveniently made in wood. A little knack 
and some rough geometry is often essential therefore in 
till's class of work. Centre lines, and lines at right angles, 
which can only be struck «’ith trammels or compasses, 
are often wanted, and their accurate laying down is 
rendered all the more difticnlt. because many loam pat¬ 
terns are unjointed. 



CHAPTER XIII 

THE ELEMENTS OF MACHINE MOULDING 

The elements of machine moulding exist in the use of 
turn-over boards, and in plate mouldin;;, devices which 
are employeS to a greater or less extent in nearly all 
shops. 

'J'ltrii mrr hoards, joint boards, bottom foiii’ds, as they 
arc variously named, are employed to facilitate flie making 
of the joint fii,ees of moulds. In ordinary work these faces 
ii!o made by striekling and sleeking down, as noted on 
pp. 140-2 in connection»wilh Figs. ()4-70. But when similar 
work is often rejjcated the joint faces are rammed directly 
upon boards, the contour of the faces of which corresponds 
with that of the joint face#of the sand—flat, if required 
MUt, irregular, sloping, curved, etc., if so required. In the, 
sim^dSt mould, the»llask which is to bedbme ^fb bottom 
or drag ns laid upon the bottom bgard over the pattern, 
iTimmed, lifted off with the pattern or' portion of the 
pattern belonging tlierejttf euelos4L.tJUsfSh*turned over, 
and the cope rammed upon it. This method is very 
advantageefUs in two c*ases: first,,when the pattern is so 
flimsy that it would probably become r^mmefTbut of 
truth, or could only ie kept with difficulty from winding 
during ramming; and second, when the .parting joints 
are so uneven, unsymmgtrical, curvjd, sloping, and irre¬ 
gular, that to cut and 8106*11 them with the trowel at each 
time of moulding wipuld eiilail much loss of time. 

263 
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Plate m<ml(lhifl is an advance upon this practice. Using 
turn-over hoards, tl),e cope is i-ammed on the drag, joint 
to joint, in the positions which both are to occupy finally 
at the time of casting. But in plate moulding the joint 
faces are not brought together at'all.until the time of 
final closing. Tde pattern is divided into two portions, 
one portion being ujion one side of a plate of wood or 
metal, the supplementary portion being upon the opposite 
jiide. Or in many cases distinct plates are employed, each 
carrying that portion of the pattern whichps the supple¬ 
ment of the' portion on the-other plate. Cope and drag 
being ra;'-' 0 ''.d, each on its respective side of the plate, 
or on its .separate plate, form when brought together a 
complete mould, corresponding at the joints. Thus, taking 
an example, the trolly wheel shown in b’igs. (i l-(i7, p. 1 -11, 
would, if moulded on a plate, lie made'as in Fig. 181. It is 
clear that the portion of the wheel on the face B of the 
plate is supplementary to that on face (Tlie faces B and 
C form the joint faces of the drag and cope. Patterns like 
these are arranged singly or in series on plates, accord- ^ 
ing to sjze an(\ quantity required. A pattern of Ijirge size 
will occupy a plate to itself; severa'i small patterns, alike 
or dissimilar in chai^icter, may be arranged on one plate, 
and poured .frprn a ceptral inflate and spray of runners. 

The difference'ueiween the sdtid pattern used on a joint 
board and the divided pattern Ofi a plate is due to dihe 
(iiffe^^n.ce in the mefhndij of moulding. In ttie first case, 
one-half the'mould is rammed on the other half—the 
latter being the one which is rammed on the board. In 
the second dase the mould parts are rammed independ¬ 
ently of each other; and they di- not come together at all 
until finished. In both cases thire is much economy 
over the Pamtuing of patterns by th6 ordinary method of 



THE ELEMKETS UE MAUEIEE MUUhVlEii .ZU& 

i 

turning aver, in which the joint has to be prepared by 
the trowel" of the moulder. Both in. joint board and in 
plate moulding the joint is made at once by tl# face of the 
board or plate. But the latter also saves time id the lift¬ 
ing out of numerous patterns, besides which it is a more 
permanent arrangement, and one moreover that lends 
itself to still further economies, as arrangements of run¬ 
ners and the use of separate plates for top and bottom 



boxes. Also,thc system ig more adaptable to the pre¬ 
paration of patterns and plates iiTwhleh tlie joint faces 
instbad of bgjng flat are^sloped, curving, or otherwise ir¬ 
regular in contour. 

I’atterns are dowelle<j on plates (Fig. 182) juSt as they are 
when moulded by bedding in or by turning oyer. Usually 
the dowels are made long enough to pass right through the 
plates into the holes of thb t)ther half'pattern*. The pat¬ 
tern halves are fitted up with their dowels and are tooled 
and finished before beuig attached ft) the plafe A , which is 
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usually done with screws, or rivets. Fig. 182, .aomotimea 
with solder. In a .plate A fitted thus with pattern parts 
on opposite sides the boxe.s are cottered to the plate, and 



Fio. 182.—1 ’attebn Plate on Box. 


so rammed. Fig. 182. The cotters are then knocked out 
and the "boxes removed and closed for pouring. But 
separate plates ave often used so that two sets of men can 
be working on one class of'Castings. The positions of the 
pattern pstrts are tfien set on tne separate plates by 
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centre lines, and the box’ pins located properly so that 
when the half moulds are prepared .they will come to- 
■ gether without any overlapping joints. When|)attern8 are 



fro. 183.—AEBAiJoe.iiHNT oJ' Small Pattebns 
AND Ru.NNEBS. 

moulded with irregular joint faces the original pattern is 
rammed within a s^iitable box and turned over and the 



Fio. 184 .—Abbanoi^ent of Pattebns anC Runnebs. 

other side rammed. Then a frame, preparedno the thick¬ 
ness of the intended plattf, •is laid on the joint face in th< 
box and rammed round ita edges to . give the size foe 
shape of the plate, ind the mould poured,* so'produciuj 
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a plate in one with its pattern. There is no essential 
difference in plat^-moulding and in moulding done on a 
machine, m fact the plates will frequently interchange^ 
and in’the case of small patterns several are mo\nted on 
a plate as in Figs. 182 to 18(1, and the runners also are 
suitably disposed thereon. Figs. 182 to 181 are .shown as 
though mounted for plate-moulding in ordinary boxes, 
having hand holes, and holes for the box pins. Fig, IH.l, 
having no holes,might be attached to a moulding machine 
in various ways, with clips or otherwise. Also Fig. 181 
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might represent a single plate with patterns o.n one sido 
only, two pfiites being used on different boxes, or the two 
sides of the pame plate might be alike. Fig. 18(i shows 
anvil jaws platecTTor hse on a'machine. 

Fig. 187, Plate V, represents b pattern-plate of a loco- 
motisp wheel in the backgroynd, while the halves of the 
mould made from it are seen on the ground in front. 
Figs. 188 and 189, Plate V, also show pattern-plates; 
the first is that of a sprocket wheel, the halves of which 
are on one side 6f a plate.“ With two rammings two 
wheels are moulded. The l&wer figure is that of a boiler 
door, made on two scitorate plates.' 
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The utility of a mmildiiii) machine consists largely in 
this, that in"place of the clumsy and often inaccurate 
separation of the pattern plates from the tlaskaby hand, 
there is substituted the steady, equal, and perfect separa¬ 
tion by inetdianism. Sofne of the more useful machines 
include much more than this, as the ramming or pressing 
of the sand around the patterns, and the use of stripping 
l>lates, that is, plates through which the patterns are 
drawn, the plates sustain¬ 
ing the sand and prevent¬ 
ing broken edges; but such 
ebiboration is not essen¬ 
tial to machine moulding, 
though often convenient 
and advantageous. 

The rapid growth Uf ma¬ 
chine moulding is one 8f 
the most remarkable fea¬ 
tures of present foundry 
jjractice. The ma'chines 
made npw number several 
.scores of distinct designs, 
though the broad types 
may be reduced to less than a dozen. To’ understand 
the essential differences between thcs.^-types Tt is as well 
to consider the principal q|;agds in making moulds, which 
include rammmg, turning over, rapjang, and withdrawal 
and closing, the dimensions of moulds, and the case of 
repetitive work. Each df these aspects of moulding has 
occasioned the evolution of broad and distintt types of 
machines, while many machines are <bnilt to combine 
more than one of these tardinal features. ■■ 

Ramminy.—Thh is the subject which naturally arises 
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first in any question of machina moulding. Because it is 
the most difficult feature to embody in a machine, is the 
reason why, notwithstanding hundreds of patented de¬ 
vices, only a minority of machines to-day include pro¬ 
vision for complete mechanical ramming, though the 
number is increasing. The majority are still built for 
hand ramming, though these usually include a presser 
head, so that the utilities of the moulding machines li 
mainly in other features. The exceptions to this gcncri 
rule lie chicfiy in some special classes of work which ai 
largely repetitive, in consequence of whicli considerab 
expense can be incurred for blocks having irregular coi 
tours, more or less approximating to the form of tl 
pattern, and by means of which the force of ramming ca 
be graduated. Something of this kind is essential, tl 
cases of shallow patterns excepted, or those with fair- 
level faces over which the sand- can bo pressed and co: 
solidated equally by a flat pressing plate. It seer 
hardly necessary to ex])lain the reason of this. Tl 
moulder knows well how the force of ramming is varii 
continually, and almost unconsciously over differe 
sectiohivof the same mould, as well as in moulds made 
different mixtures, of sand, and that such ramming 
done sideways in undercut portions under flanges, luf 
bosses and 'so t>«,«;ij jrk which no machiife can imita 
perfectly. Still it may be stated that almost any dess 
work, even though i]:replar or intricate, can be rammed 
by power if the number of castings required off is suffi¬ 
ciently numerous to warrant the cost of ramming appli¬ 
ances. Tire question then is one of relative cost, as in 
smiths’ stampingudies, and iiv machine shop jigs. 

" The reasons fpr adopting maciiine ramming are most 
cogent v/hea the joints of mouldi are of irregular out- 
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lines, that is, when the faces of the joints have to slope 
upwards arid downwards, with plane or curved outlines • 
to follow pattern parts which stand above (jr below the 
general plane of the moiilding-box joints. Theas irregu¬ 
lar joints, when made’with the trowel and the moulder’e 
hands, often occupy a considerable time, and they have 
to bo repeated for every mould unless a ramming board 
or block is prepared and used for moulding on. When a 
pattern plate, made in a similar way, is put on a mould¬ 
ing machine, ,the economy'of power ramming is very 
great. And’ further, on the same joint plate, runners, 
or sprays of runners, are usually arranged opce for all, so 
effecting a further economy in time. 

Tnrniiin-mer.—ihe turning-over of the parts of mould¬ 
ing boxes, when done by a machine, avoids the risk of 
the sudden shock alid fracture of sand which sometimes 
follows from a clumsy turn-over done by hand. Home- 
times it is the pattern plate alone that is turned.over, 
sometimes the moulding box on the plate. But in any 
^caoc it is atiftiys done steadfly, and the plate, or the box, 
IS locks^ ^ horizontal position, ^aud also at a 
height convenient fo^ working at, inste^jd of lydng down 
on the ground. This last is one of 4he loss'appreciated 
features of machine moulding, biit it nevertheless has 
considerable’advantages. •' 

"She turn-over table ig fitted to the greater number of 
machines des?gned for general ijsefb’ecause it affords the 
handiest method of ramming tops and bottems. But as 
machines increase in'dimensions, its weight becomes 
objectionable, and th.e largest machines thei'rfore, as well 
as many of medium sizes^amploy a n«n-turnever type of 
table. Then tops and ffottomg can be rajnmed on separate 
machines, or on on# machine at* difierenfr times, or at 
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the same time if the length of the table is sufficient to 
receive two boxes side by side, which is often arranged- 

»A large machine, with a non-turnover table, is ojfteij^ 
preferred- to two or more smaller ones, because s'yeral 
patterns can be moulded at one time on one ot on 
separate plates. This is an extension of the method 
adopted in hand work, of arranging several small 
patterns in one moulding box, or on one bottom board or 
plate. 

Ra])]>iu;i mill Withdrawal.—The delivery of patterns 
from'niould^ when done by hand is commonly a cause 
of enlargwpj^rit, and variations in the sizes of moulds, 
and often of fracture of the sand, which when mended 
up tends to produce variations in the dimensions of 
moulds. The larger a mould is, the mord risk is there 
of such accidents happening, because of the difficulty of 
getting a truly level lift when two or three men are lift¬ 
ing at^once, or when the crane has to withdraw a pattern. 
The principal value of very many moulding machines, 
therefore, lie.s in the simple fact that patterns an4p. 
moulds are separated by the coercion of rigid slHcs in¬ 
stead of bV the unsteady action of tlie human hand, or of 
the crane. So valuable is this feature that many mould¬ 
ing machines i^mbody no oth(^r provision besides this. 
Subject to the c<ShdlTi'6n that patterns are made well, 
there is no fracture of san(f, and a hundred mouMs 
made from the same pattern will show no variations in 
size. 

But there are aids to the withdrawal of some kinds of 
patterns whfch are essential. A deep pattern having 
little or no taper or “draught cailnot be withdrawn with¬ 
out tearing up the-edges of the sand unless some rap¬ 
ping or yib'ratfon is imparted to it, or unless a stripping 
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plate is u^od to hold doto the sand aro6nd its edges. 
Shallow patterns and those which ar,e well tapered can 
be withdrawn readily if the machine plate Oi4 which 'the 
pattern is mounted is rapped with a wooden* mallet 
during the act of withdrawal, and this is usually done; 
But that is a different thing from the lateral^,yapping 
with an iron bar inserted in the pattern, ancf which is 
imparted previous to the lifting by hand of the pattern 
from an ordinary mould. Eapping on the plate merely, 
loosens the sand next the pattern and prevents its ad¬ 
herence. But slight enlargement of the mould, imitat¬ 
ing the action of the rapping bar is })rovi(kd for in the 
jarring or vibrating class of machines in whiah slight 
lateral rapid movements are imparted. 

The majority of machines have no provision for vibrat¬ 
ing the pattern, but when deep lifts have to be made of 
patterns provided with little or no taper, a stripping 
plate is made to encircle the pattern closely. It iff laid 
oil the face of the mould ap^ the pattern is withdrawn 
-Jhrough the "plate. This is an extension of the method 
often adopted in malting common moulds by han(J work, 
when straps of wood are laid down along the'edges of 
the mould beside the pattern, and detained by weights 
during the wjithdrawal of ^he patteyn. Th^ ^nd around 
the edges is thus prevent from‘being torn ^ by the 
liftfiig of the,gattern. Itequently mgtal stripping pjates 
are used for hand moulds, as in> nfachine moulding,—in 
some gear wheels for example, both of spur) and spedial 
types. These are rather expensive, being _ filed o^ of 
sheet metal to embrace and fit the pattern outlines, 
hence they bear a hjgh ‘proportion lio the 'cost of tjie 
castings unless a large number are reipiired. But many 
arg made now cheaply by casting Vhite metal within an 
’ * I 
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iron frame surrounding the pattern. And so 'vhen the 
inaccuracies which result from hand rapping and with¬ 
drawal are eliminated hy machine moulding, castings 
are more uniform in size and shape. Hence the 'Jlow- 
ances for tooling can be lessened, with reduction of costs 
in the machine shop. 

The idea of drawing the pattern through a plate has 
been familiar for the past forty years or more, even in 
hand work. The late Mr. .Tames Howard, of the firm of 
James and Frederick Howard, of Bedford, took out a 
British patent for a moulding machine werked on this 
principle as far back as 1856, and that firm has used 
machines of this type ever since for the bulk of their 
repetition work. 

Closinji .—Moulds are usually closed hy hand. But a 
few machines are made to fulfil this function after the 
removal of the box parts from the moulding machine. 
There are, however, apart from this, many adjuncts to 
machines for taking the finished moulds away for 
closing them, as trolly tracks, turn-tables, etc. 

Dimensions. —The dimensions of moulds impose some 
limitations on the sizes of moulding machines, though 
a large increase in size has been noticeable in recent 
years, chiefly-in some American and German machines. 
All the early machines were designed only for dealing with 
articles of small dimensions, net exceeding from about 
2 ft. tc 3 ft. across, ana the greater number moulded were 
even smaller than that. The reason is obvious, since 
the first machines were operated by hand alone. After 
power was applied, dimensions increased, and the largest 
machines now, which will take lengths of 10 ft. to 16 ft., 
are operated by hydraulic pressure with the greatest ease. 
A large machine has the advantage over a small one 
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that it "ia, adaptable for dealing with single moulds of 
the largest size within its capacity, as wc^ as with two 
or more separate moulds of smaller dimensions, thus 
combining in one the advantages of two machines. . ' 
Itcpetifidii .—The prodnction of repetitive work on a 
large scale has been the cause of the development of the 
portable types of machines, of multiple moulding, and 
of numerous adjuncts to lixed machines of ordinary and 
of special types, such as, tracks, cou^ying systenft, 
cranes, etc. 'This aspect alone opens up»a very wide 
held of interesting detail which illustrates the numerous ' 
and varied ways in which similar resulfs are secured. 
For though the small light machines may*be moved 
along the flopr, leaving their work behind them, the 
large heavy oncs»mu8t be fixtures, and the work must 
be brought to and aonveyed from them. Conveying 
systems also deal with the sand and the moulding,boxes. 
In some shops these systems have become very highly 
developed. . 

s Adaptahili()i .—The practice of machine moulding is. 
adaptable to all cksses of work that'lie s^ilhin the 
capacities of the machines. Like <tje-forging, it is suit¬ 
able alike for a limited number of articles only, or for 
hundreds or thousands pA similaii'parts. And the cost of 
the pattern work is mainly controlled by the numbers 
of castings* required;’ordinary cji^p patterns of* wood 
for a few moulds; high-class, w*ell made patterns of gjetaT 
when hundreds or thousands of moulds have to be taken 
therefrom. So that moulding machine practice ranges 
from that in which* ordinary patteigis are,mounted on 
plates, as in the plate-moulding which is done by hand, 
and put on the machine, to those^in which petal patterns 
on plates are got up in tlie best possible manner for use 
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on the machine alone. And between tijosc extremes 
every, grade and method of pattern work is represented 
in machine moulding, f ormerly, too, only simple p.at- 
terns were attempted, but now many intricate forrjs are 
used. The simplification of the moulder’s task also 
follows, with the result that men who liave not had 
the moulder’s training, or mastered any .section of the 
moulder’s craft, are able in a few weeks to operate 
machines. 

I’atlernii.—A? in ordinary h.and moulding, patterns 
are either unjointed or jointed. In the first case a plain 
top only is warited, and then the pattern is mounted on 
one side of a plate. In the second case the pattern parts 
or halves, as the case may be, are mounted on opposite 
sides of one plate, or each on one side of two distinct 
plates, which may be moulded on the same machine by 
one man, or on different machines by different men. 
The matching of the moulds depends on the degree ot 
care and accuracy with which the pattern maker has 
.done his work. Each of these methods is also adopted ir." 
much ha.i^ moulding when it is of a repetitive character. 
Another fact-is tllat in moulding by machine it Joes not 
matter essentially whether the pattern is lifted from the 
mould, or Whether the mould is withdrawn from the 
pattern, and whetfier upwards or downwards. Neither, 
as already stated, is turning over on the machine an esseri- 
'tial. The details vary with types of machines. 

A point to be emphasized is the futility of pinning 
one’s faith and practice to one class of machine. No 
matter howexcellentjydesigned and economical amachine 
is, there is always another that wilk go a point better on 
certain classes of work, and opera+ed under different 
conditions. That is the reason, why, a firm should feel 
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its way in laying down plant of this character, and not 
order a lot of machines of one type, if the range of wort 
done is of a varied kind. The ease is paralleled by that 
of machine tools. No sane manager would Dll a shop 
with machines of one build and type, unless, of course, 
the character of the work done was uniform, as in the 
case, say, of ranges of screw machines, or gear cutters, 
always operating on the same kinds and nearly the same 
sizes of work. 

The (piestion of type of maernne tnen*o^)enci.i up is a 
very wide one. So is that of dimensions. So, too, is 
that of method of operation. Thus, if i)»eu work regu¬ 
larly on separate parts of the same moulds, an separate 
machines, there is no need, as a rule, to have turn-over 
table machines. ^ Nor when tops are uniformly plain 
are turn-over machines necessary. Nor when the two 
parts of moulds are made side by side on one plate, or 
when a number of tops and then a number of bottoms 
are made on the^same nn^-hine, is it necessary to have 
^ turn-over* table. 

Wkh regard, again, to dimensions, the, size oj a singld* 
pattern,alone is not only the governiag queltion, since 
it is often more economical to put several patterns on 
one large njachine than ty have single patteans on smaller 
machines. This holds good not only in relation to very 
sAall patterns that »rc commonly grouped thus, but 
to those of comparatively large dimensions, which can, 
be moulded on oblong machines of several feet in leifgth. 
Another advantage in using such machines is that top 
and bottom box parts may be, and often‘are, rammed 
on one side of one glatJ'at once, i!ot of Hie turn-over 
type. 

The method of operation is ini important governing 
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condition wben'-we get into m'acliiiies of very large 
dimensions, for it is ,obvious that however well counter¬ 
balanced a taole may be, and though human power may 
he multiplied and used to the best advantage with 
levers and with worm gear, there is a limit to its em¬ 
ployment beyond which hand operations cannot be 
conveniently and economically carried, and this is the 
opportunity for the power machine, and this raises the 
bioad question of power operation. 

Generally tins should^ he settled by the character of 
the plant already existing in a sboi), or of that which 
it may be confeinplating to lay down. .\11 progressive 
foundries are now equipped with power of some kind, as 
steam or water power for cranes, air or electricity for 
hoists, and other'purposes. Of hydraulic moulding 
machines there is an immensely greater choice than there 
is as yet of steam or of pneumatic machines. But in 
view ol the recent rapid growth of air-operated machinery 
whichjias been shared by tlje foundry in common with 
other departments, we may anticipate that pneumatic-, 
moulding machines will be in much greater deuraiid in 
the future* than they are yet. If the question js one of 
laying down power plant in a foundry as yet unsupplied 
with power, ^i^ may he pointqd out that a„ pneumatic 
plant is less expensive'and lep'bulky than a hydraulic 
one. ^ir-compressing plants are»very suitable for smihll 
.foundries, and they ser've also for hose-piping for blowing 
out moulds, in place of bellows: _and a few air hoists 
also are more handy than fixed hydraulic cranes. None 
of these questions can be settled offhand, but each separ- 
ate.shop must work"out its own' prpblems, independently 
of the governing conditions e.f others. 



CHAPTER XIV 


EXAMPhUS OF ll(li:r.mN(i M\CH1NBS 

Fifl. 190, Piute Yl, illustrates one of the simplest 
machines thij, can be mad&, bein« a modd press simply. 
Ordinary boxes and snap flasks are moulded on it, the 
latter being shown in place. Preliininary/amming may 
or may not be done by hand, according to th^ontline of 
the pattern. The Ihial pressure is imparted to the top 
and bottom df the moulds, to which presser-boards are' 
fitted, ■ by the downward pressure ‘of the hinged head, 
actuated through toggle levers by hand. The levers on 
opposite sides of the machine are connected by a hori¬ 
zontal shaft. The height the presser-head is a^usted 
to suit boxes of different depths by means of the nuts on 
Ihs •i^rewed rods. There is no mechanical ^delivery,* 
patterns being rapped and withdrawn by h#nd in the 
ordinary way. But the saving in fime is very consider¬ 
able on repetitive work. 

A hand machine of ■more advanced type, which has 
bhen in sugcessful use.dunng mau^ years, is that manu¬ 
factured by* Messrs. Darling, and Sellers, Limited, of 
Keighley. It is mad^ in a large range of dimensions,'both 
for general work, for specially deep work, and for strip¬ 
ping plates. The machine is designed for Kftnd ramming, 
and no special pattern* plates are tiecessary, since any 
patterns of suitable size, either in wood or metal, can be 
mounted on the tible. The illoetration,^'!^^. 191, Plate 
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VI, shows one Vif these machines, which is -specially de¬ 
signed to take deep .and heavy lioxes, with which object 
it is made rather differently from those which are built for 
small arid medium work of a gener?,! character, a , in Fig. 
192, Plate VII. It will be noted that though the general 
design is similar in both instances, the differences are 
that gearing is used in Fig. 191 for operating the turn¬ 
over table, and that the elevation is done by racks and 
gears instead of by simple movements of a lever, as in 
Fig. 192. But’ with the^e exceptions the 'same general 
description will apply to each. 

The two standards in these illustrations carry the 
mechanism between them; they are built at various 
distances apart, ranging from 30 in. upwards to about 
10 ft., to suit boxes of different lengths, and are main¬ 
tained apart by stretcher bolts pnd a bottom casting, 
while the larger machines are also bolted to a base¬ 
plate.' The pattern is fixed to the upper face of the top 
table, which is of the turn-fver type and_ the box is 
placed over this and rammed by hand. It is retained ip’ 
■place by^means of screws and sockets which are tft^ust- 
able for different <depths of boxes, or in the case of light 
work, by spring clip.s‘ The table is fitted with trunnions 
of large diaiaijlcr, in «apped Itearings in the standards. 
Set screws, with large nuts, gfford the means by which 
the table is adjusted J'or level without further'check, and 
.it is prevented from moving by the catch handles above. 
In the machines for general servipe the trunnions art 
placed in the centre of the table, as in Fig. 192. But 
in the example in Fig. 191 they are placed eccentrically 
in order to come more in lirie'with the weight of the 
pattern and moulding box. But thej are arranged in or 
out of centre, in either Inaehine, to suit requirements. 
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When the pattern has been rammed, th^ catches above 
ire removed, the table is turned through half a revolu¬ 
tion and relocked, leaving the moulding Ifox with' its 
.'ontained mould and ng,ttern suspended from the under- • 
?ide of the table. At this stage another portion of the 
inechanism, the lifting table, the bottom one, in both 
igures, is brought into opei ation. This is a ribbed plate, 
anderneath which two turned stems or pillars, seen in 
b’ig. 191, are attached with bolts through flanged ends, 
m the pillars* These are the^ means Tiy, which the 
ifting table is elevated and depressed through the 
LCtion of slotted links hidden within the h*se, actuated 
ty two levers on a horizontal shaft, which ie turned 
ly the long lever seen to the left in Fig. 192. The total 
uass of these *par|s is counterbalanced by the weight 
seen at the right. The jffect of moving the lever is to 
iring the table up towards the back of the box that has 
ust b.’-m rammed. In the deeper class of macKines 
shown in Fig. 191, Jhe tablets lifted by cylindrical racks 
'ee.n beneath; These slide in bored sockets, and are 
ictuatftd by the hand ^heel and gears to the left of that 
llustratiofl. The raising and lowering of tl^e fable are 
jerformed with ease, because the weight ci the latter, 
-ogether wit)} that of itsjoad, is. countetbalanced by 
idjustable weights, which ^descend into the founda- 
-ionk. 

T’he table is lifted up until it presses the carriage 
igainst the back of tl^e rammed box. The clamps are 
hen released and the table lowered, the mould descend- 
ng with it away front the pattern. During the period o! 
his delivery the upper.sufece of the turn-over table is 
rapped with a mallet to assist the s&paration of the 
Pattern from the sand. 
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Tile mould k now left lying'on the carriage, imme¬ 
diately above the l(jwer table, on which it is drawn away 
by means ol'rollers beneath the latter, not visible, to the 
receiving rails in front, which, being clear of the machine, 
permits the mould to he lifted off. and taken away. 
The carriage is of wood, and its movement is controlled 
by flanges on the ends of the table. The receiving rails 
are similarly flanged, and form the top edges of cast- 
iron brackets, which are bolted to the front of the 
machine. The empty carriage is now ipished back on 
the lifting table, and the turn-over table revolved to 
bring the »pattern on its upper face ready for the 
next box. 

Front and back plates enclose the lower portion of the 
machine. These are fitted by planed joints to the 
standards, and serve the double pui'iiose of bracing the 
machine and preventing sand from falling inside. 
Inner sloping top edges of tliese plates shoot off any sand 
that falls from above. Ajhandy table is supported on 
brackets at one side, Fig. 192, to carry'the moulde.rs’. 
tool8,,8wab pot, blacking bag, etc. 

A machine of this kind is of great value in any foundry, 
even where few specialities are handled. Any ordinary 
pattern witj;iin its range cap be taken and put on the 
table and moulded with a petfectly vertical lift. It will 
pay to use the mijehine for two or thre^ moulds bnly. 
When a plain top only is reijuired, the latter can be 
rammed on the plain table. Wlren patterns are jointed, 
their halves or parts must be fitted on opposite sides of 
the table, or be fixed on separate machines, which in- 
yolves some fitting that wotild,not be justified for two 
or three castings, though dii this respect the machine is 
quite. adaptable in firms that have not much specializa- 
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tion. Biit.ontside of thes^ there are manytases in which 
the patterns are cast with the turn-c^ver or swivel table, 
■as in labour-saving repetition work. I'Itterns are- 
specially mounted in three ways—on & fahe-parfhox, or 
on thin cast-iron plates exactly as used in many shops 
for plate moulding without the assistance of a machine, 
or mounted in plaster-of-paris. 

In all these cases the piece carrying the pattern or 
])atterns is capable of being attatched simply and rapidly, 
to the turn-over table by a couple of bolts, %,n^ the usual 
practice is to mount the bottom-part pattern on the 
table, make the required number of half-morJidB, and then 
replace it by the top-i)art pattern; the change of»patterns 
being only the work of a few minutes. 

Messrs. Woolhou^h and Dehne’s moulding machine, 
manufactured by Messrs. Samuelson and Co., Ltd., of 
Banbui-y, is illustrated in Fig. 193, Plate VII, and Figs. 
194 and 195, p. 285. Fig. 193 is a perspective vietv of 
th#machine, Fig. 194 a sect^nal elevation of one of the 
Standards, Fig. 195 a horizontal section through the 
stiunhMfd on ihi^ line A-B. A base plate. Fig. 193 parries 
a couple of pillars, one of which, that to t^e right, is 
permanently fixed, the other, to the* left, .is capable of 
horizontal movement, rendgring tlm raachiqe^adjustable 
to the width of any patterft plates withiir its range. The 
l)ill8ft-8 A, ar^ hollow, e4iclosing spijidlea B, to wlpch 
vertical movement can be imparted by moans of the 
weighted lever handle seen in Pig. 193. The lever actu¬ 
ates the horizontal shaft IT, Figs. 194 and 195, upon 
which are keyed two* worm wheels F, enclosed in the 
semicircular casings 41., Tfie shaft an^ casings are seep 
at the front in Fig. 193. The* worm whfiels engage with 
screws cut on the vertical spindles*£l, and so rai^e and 
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lower the patt'fern plate, which'has its bearings, e, in the 
upper ends of the apindles, and which can bo'turned over 
■in its beariAgs. Two triangular plates furnished with slots 
and bofts for vertical adjustment^slide in faces 'ipon the 
pillars. Pig. 193, and their upper edges form the tracks 
for the wheels of the plate, upon which the moulding box 
is supported. The provision for vertical adjustment per¬ 
mits of the employment of flasks at various depths. 

The method of moulding is as follows: That face of 
the patterp plate from wliich the iraptession is to be 
immediately taken, whether for cope or drag, is turned 
uppermost, imd the appropriate flask placed thereon and 
clamped- or screwed. The sand is then rammed in by 
hand, and scraped level. The flask and plate are turned 
bodily over and lowered, until the back bf the flask rests 
upon the table beneath. The pattern plate is then pinched 
in its bearings w ith the set screws seen at the tope of the 
pill'ars, and lifted clear of the flask by the lever handle, 
A very slight amount of rapping is imparted to the pat¬ 
tern plate in the act of withdrawal. 'VVhen'llie mould has 
been blackened the pattern may be returned temporarily 
in order to press the blackening down thus saving the 
trouble of sleeking. 

The sleeye, I>, Pig- 194, js simply for the purpose of 
protecting the vertical spindtes from access of dust, and 
a screw gland, A’,.similarly prstects the \^orm and worm 
wheel. 

Fig. 19G, Plate VIII, shows a machine of a similar type 
by the London Emery Works Company, carrying the 
pattern for tramway axle boxes,-castings of which are 
seen in the foreground. Thd tuj)ular standards each en¬ 
close a flat threaded spindle, the top of which is formed 
into bearings to reteive the trunnions of the turn-over 
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Wooi,Non«H AND Pehne’s Mouldino Machine. 
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table on which the box parts are rammed. The racks are 
moved in vriison by the long weighted hand lever seen at 
the left, which lever is adjustable by bolt holes into five 
different angular positions to suit different amounts of 
lift. The moving mass is counter weighted at each end; 
the chains to which the counterweights are attached lead 
off from pulleys one on each end of the gear shaft below, 
leading to pulleys ahovq. The box being rammed upper 
most, by hand, is then turned over, and lowered by the 
lever on to a trolly below, the box being ran away after 
the pattern has been delivered. 

The general type of the Pridmore machines is that in 
which the table does not turn over, and in which a strip¬ 
ping plate is used in all except shallow work. A frame 
standing on the floor by legs, or a 6iaw foot, qw'ries th i 
stripping plate, and is fitted' with a yoke or plunger 
which carries the pattern, and by means of a crank or 
cranks operated by a lever, the //e/.c is drawn down or 
raised with the patterns. *The depth of dj,>w is capable 
of adjustment, and the pattern can be adjusted for hft'ght 
in relation to the stripping plate. No vibration dr rapping 
is required. 

The broa^ plan followed in the construction of the small 
and medium-size machines may be eleaily understood 
from the photograph Fig. 197, Plate IX, which s);iows, 
to the right, one ot the smaller sizes of “ square ” machine* 
with a pattern mounting, to which further reference will 
be made; and a rock-over machine to the left of the figure'. 
Pigs. 198 to 200 illustrate one of the 12 in. “round” 
machines, in side and frontj elevation and plan respect¬ 
ively. The essential construction of each is identical, 
unaffected Jby the sqyiare or round shape of the framings. 

The Resign is that of a main frame. A, formed of a 
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single cafftjjig, and a pattern-carrying yoke, li, consist¬ 
ing of a second single casting, which is lowered gnd 



Fig. 198.—PbidmoJSe Machine. Side Ei.etation. 

raised within the mam fri^pie by a cra^ik, C, apd pitman, 
I). The yoke, B, is guided at the top in adjustable ways, 
a, a, and at the bottipn of tfie frame in a ijonnd, brass- 
bushed guideway, h. J’he distance fietween the upper and. 
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■ the lower guides being great in proportion to.®[^width of 
^he/rame, ensures a’true draw. The.crank-sitaft, E, upon 
which (impends the weight of tlie yoke and the patterns, 



through the oi-ank and pitman, is journalled in a long 
hrass-bushed bearing, F, extending one-half of the width 
of the machine, and oast solid with the main frame. The 
yoke wbiBW raised is locked securely in position for ram- 




rtf: 211 --Two HvoUAfi.H' >lf)i I DIM. Mai IM\ r.'. in imk kiciit \\i> < iikk-m\kim: 
.Maohinr to thk I.kki' Tiik Tondon KMKii>- Works Co. 
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raing the mould by the ^:rank passing slightly beyond 
the centre and bearing on the edge. The amount of 
can-be adjusted to the height of the patterns by a smipl^ 
bolt, G, and set-nut. Any wear upon the cranksMt or 
pin, or yoke pin, can be taken up by an eccentric brass' 
bushing on the yoke pin, with a series of holes register¬ 
ing with differential holes in the pitman, M, so that all 
wear can be adjusted to one-five-liundredth of an inch. 



]''io. 200 .--Prii)mobe Machii^e. Pi^an. 


Wear on the guidevvays, w, is taicen up oy acljnstaWe 
plates, K, which are set »long horizontally and pinched 
with the* bolts,* d. The machine,is supported on a claw 
foot, L. 

The various types in which these are made ai-e as 
follows, classified broadly as “ Imbt ” and* “ heavv ” 
machines: 

The light machines, supported centeally on a claw¬ 
like foot, are of eithSr round or equare ofttline. The 

t 

u 
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round ones arc made to take circular patterns, such as 
gear wheels, pullevs, and similar classes of work—in 
i'iameters nriiging from 10 to 20 in., and with a depth of 
face not exceeding 10 in. The depth of draw is 45 in. 
The yoke is controlled by two guideways above and one 
in the centre, with a single crank. Tlie square ones also 
take 10 in. in depth with a draw of Ij in., and range in 
capacity from 9in. + l‘2 in. to 18 in.+ 28 in., the general 
construction being similar. 

Oblong machines are made of square type, but a.re sup¬ 
ported on two legs or standards, one at each end, with 
the yoke duplicated over and within each standard, con¬ 
nected with a central shaft, and operated by a single 
crank at one end. They have the same draw—1| in.— 
and they embrace patterns from 12 in. to 20 in. in width 
and from 24 in. to 48 in. in length, and larger to order. 

The frames of all square or rectangular machines are 
left open at the ends, thereby permitting the use of 
patterns which are considi^ably longer than the frame 
of the machine. The stripping plate setinl^ upon the top 
of the. frame is not limited to any particular size, so t'nat 
a wide range in sizes of boxes is permitted. 

The foregoing fdrm a class of machines which are com¬ 
paratively, li^ht, have but one crankshaft, and with the 
exception just namfed have shallow draws and high 
tables, and are adapted to wa"k of small and medium 
dimensions. 

There is another large class having characteristics of 
an opposite character, being “ heavy,” and suitably de¬ 
signed for heavy work (Pig. 201, Elate IX). These illus¬ 
trate a machine in which a tiooden pattern is mounted 
with a wooden stripping plate, a method suitable for oc¬ 
casional work. 
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These machines consist of single heavy castings lot 
the main frame, standing upon legs sit each corner, 'pin 
frame is rigidly designed, which is essential in all ra*uld> 
ing machines. Want pf rigidity, causing the pattern tc 
swing, and the moulding box to register imperfectly, has 
been the cause of the inefficiency of some moulding nia 
chines. The “heavy” machines are square, oblong, or 
round, but the yoke which Viiisos and lowers the pattern 
or patterns is operated by two'parallel crankshafts and 
four guidewiiys, or six in .some pf the long^f machines. 
In these, too, the yoke upon which the patterns are 
mounted is a second single large casting. 'Bhe yokes slide 
in guideways on the inside faces near the ends of the 
parallel sides of the main frames, on the top edges of 
which the stripping plate frame is mounted. Long bear¬ 
ings are cast in each earner of the main frame, close to 
the legs, and in these bearings are fitted two heavy par • 
allel shafts. Upon each end of each of these shafts’ set¬ 
ting close to the bg arings, i%keyed a double-ended crank; 
in t he uppei* ends of these cranks are pins upon which 
are jiJhrnalled heavy pitmans, the upper ends of Ahe pit¬ 
mans beipg journalled on pins riveted intci the corners 
of the yoke. In each one of the lower ends of the four 
pitmans arejihe eccentric adjustin" bushing described on 
p. 289 in connection witli the small machines. The lower 
on9s of the dguble-ended cranks carj-y cross connections 
to the lower ends of the cranlfs on the opposite shafts. 
'The two sets of cranks ^t the opposite ends of the machines 
are at right angles with each other, thereby .transmitting 
a perfect rotary motion from one shaft to the other. The 
end of one of the shafts fs extended, and carries a lever 
by which the pattern is lowered and Raised. special 
feature is the coiled compression djirings, two or more in 
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number, by winch the weight oT tlie joke mid ite burden 
Js ^unterbahaocdj^so that patterns are drawn and raised 
Sprfhgs of different strengths can be sahstitdted • 
n the^ckets provided for them, permit of e; act ad- 
listments for patterns of different weights. 

Square macdiines of this class are built in dimensions 
•anging from 18 in. upwards to 60 in. wide and 120 in. 
ong, with draws of from 6 in. to 8 in. They are built low 
to take deep flasks. Hound machines are also made with 
double shafts;’ with deep draws, in capacities ranging 
from 21 in. up to large sizes; 60 in. is a large standard 
size, but larger ones are built when required. 

a,i'. j^ir— -r:::i:=:Lg r~T IJ 



Fig. 202. —Babbitt-lined Stripping Plates. 


The babbitt lining of the stripiiing platds in Fig. 202 
will be^Jbserved. The practice of using stripping-jilateB 
is generally open to the objection of being cogtly, when 
the openings are tdoled or filed to make a close fit with 
the bounding/edges of the patterns. The babbitt system 
dispenses with this labour in thfe following way (the only 
exception is circular openings which can be turned 
readily): 

The stripping plate is cast with an opening about | in. 
larger all round than the patterns. Its upper edge is 
recessed to a width of -1 in. and depth of | in., and small 
holes are drilled at distances'tof about ^ in. apart, into 
which wire nails ate driven, leaving the heads about in. 
below the intended surface of the babbitt. When the 
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pattern plate is placed on the machine, with the stripping 
plate surrounding it, asbestos striu}' is laid around th^ 
pattern, and between the opening in the stfipping^laifo 
and the backing or filling-down thickness pieces'on the, 
])attern joint. A layer of putty is laid round to form a 
trough. All is then wanned, and babbitt is poured in 
around the pattern, filling up the space. Before this has 
ipiite cooled, the operating lever is imlled, and the pattern 
drawn down through the babbitt. The surplus is theg 
cut away from, the surface cff the strippiifg^late. If the 
babbitt is found to make too tight a fit around the pattern, 
it is trimmed oil until the pattern moves through freely. 
Brom .'50,000 to 150,000 moulds can be mad% before a 
plate requires to be re-babbitted. By the adoption of this 
cheap and read^ ^ay the objection to stripping plates no 
longer holds good. 

In lotting these up, a single plate is thus prepared 
before the second is taljen in hand. The second stage is 
as follows: 

Pattern pi5!es**and stripping plates are prepared for 
tl?e (wsnpleinenlary portion similarly to the ti^^t, and 
])laced on a moulding machine adjacent, but Without as 
yet having dowell holes drilled, or the babbitting done. 
But the pin holes are drilled in ^he luge,,and so the 
stripping j)late first formed is talen from its machine 
and turned .over and placed on the second stripping 
plate—located by the pins. Thetfirtt stripping plate thus 
locates the position gf the second part, which is npw, 
therefore, dowelled in place, and the stripping plate No. 1 
put back on its own machine, iflje plate No. 2 is now 
babbitted round its jjorion of the J)attern! Two pat¬ 
tern plates are thus prepa»ed with strippers, to mould 
on separate machines for cope mid drag* respectively, 
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and which will, match perfectlj when the moulds are 
closed. 

often arises about making provision for 
moulds v,’ith irregular joint faces. Generally the raethod 
adopted is to cast pattern and plates in one, in a mould 
rammed originally with cope and drag face to face, and 
then separated by the intended thickness of the plate, 
and poured, after a suitable frame has been rammed 
around the mould. In 4,he Pridmoro system this is 
avoided by fastening jiieccs on one plate tej stand up and 
come to the raised pattern joint, and to cast pockets in 
the other plajie rvhich are approximately the reverse of 
the raising pieces, and deeper. Nails are driven into holes 
drilled about ^ in. apart over the surface. The plates are 
then placed together and babbitt poured in, so forming 
an exact reverse. 

Roclorer Machines. —One of these is shown at the left- 
hand side of Fig. 1117,1’late IX. These are used for pat¬ 
terns in which there is sufficipt draught to permit qf the 
lowering of the mould from the pattern, asstbced frequently 
by a vibrator rapi)ing action. Often they are used fc con¬ 
junction v^ith a stripper plate machine making one portion 
of the mould. The action ofthe machine is as follows: The 
patterp platg, Jieing covered with its flask, is rammed by 
hand when carried oii one side of the machine. The 
superfluous sand is strickled off .and a bottopi board laid 
on the surface and clamped. Then the plate with its 
flask and board is rocked over on jts pivots to the other 
side of the centre of the machine, and the bottom board 
deposited on a stain) by means of. a lever, the labour 
being rendered easy by the ceunterbalancing action of 
coiled springs. The mould is dropped from the pattern 
and the latter is returned to its original position to be 
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re-rammed. The varying depths of boxes stre provided for 
by adjustments in the height of the staud. Some machi^s, 
' have provisions for self adjustments by means of-rfom?' 
deprcssible pins to accommodate unevennesses in Ijiottora 
boards and differences in thickness of sand. 

Portable Machines .—The Farwell moulding machines, 
manufactured by the Adams Company, of Dubuque, Iowa, 
are built in two broad types to accommodate work lifted 
with or without stripping plates, and in both fixed and 
portable designs, and some have turret heaS^or multiple 
and other moulding. All the Far'well machines are of 
tlie presser type, and are all hand operated! That is, no 
hand ramming is done, but the moulds are pressed, and 
the patterns delivered by hand levers. 

The general coikstruction of the ordinary miichine is 
as follows (Fig. 203, I’jate X): Two standards support 
the superstructure. In the fixed machines these terminate 
in feet, to be bolted down upon timbers. In the portable 
shown, they are djy ided and«pread out to receive the pins 
uijon which plain wheels run. On the top of the stand¬ 
ards S*longitudinal is,bolted, carrying a table consisting 
of crossbars, or an open frame upon which yie cleats or 
battens of the bottom board rest, ^he table is a rigid 
fixture. Above is the presser head—a (Baned casting 
carried at the ends of piJmiins which are screwed along 
for a copsidarable length from the ends to permit pf a 
wide range of adjustment of thd presser head for height. 
The head can be throwi back out of the way, or brought 
into a horizontal position over thp table and mould by 
the left hand. Theh the lever to* the right is pulled 
over, the attendant pressing his weight on it, so ccan- 
pressing the mould. ,The le^er is in tile horizontal posi¬ 
tion when the man’^ greatest efibrt is being exercised 
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upon it, which is more favourable for obtaining the 
^mfl,ximum result than a vertical or nearly vertical one 
'^-youi'l be. " 

This is a simple machine—termed the mould.Hg prets 
—designed for work that re(|uires no stripper plate. In 
this, as in others having no turn-over table, the cope and 
drag are pressed by the turning over method, or else 
rammed simultaneously or independent of each other on 
the same or on separate machines. The operation of 
moulding i^ bfielly this: 

Taking first a pattern requiring a plain top: A match, 
which may be either a bottom hoard, as we should call it, 
or an odd,jide, is placed with its pattern or patterns in 
position on the table. The drag or bottom box is laid 
over it. Facing, and then box-filling sand are riddled and 
shovelled in and struck off level. A bottom board used 
for pressing is laid on the sand. One movement of the 
leveF brings the top forward and presses the mould. The 
drag is now turned over on the table.^occupying ap¬ 
proximately the same position centrally; the match is 
‘ removed and put aside, leaving tbe pattern or patterns 
embedded'. Parting sand is strewn and the cope laid in 
place, facing sand riddled in, followed by the box filling, 
and E-trickled''off, a presser, board laid o", which is 
identical with the bottom board'in function and in shape, 
with a trifling difference in the cleats or battens, which 
are hollowed out at the sides so as to be easily grasped. 
This completes the moulding. 

The sprue cutting, the rapping, and lifting out of the 
pattern are all done by hand, as in ordinary work, so 
that the saving of time by tH'e machine is due to the 
consolidation of the sand by the presser instead of by 
hand. The precautions adopted to ensure the proper 
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degree ot pressure over all areas will be noted presently, 
and also tlie withdrawal of deep pjittcrns used with a 
stripper plate. 

In the plain moulijing press to which these remarks- 
have reference patterns are also used, the halves or por¬ 
tions of which go on opposite sides of one plate. In these 
cases the plan adopted is this: the operation proceeds as 
in the previous case until the drag part is laid upon the 
bottom board and filled with sftnd over the pattern. lu- 
stead, now, o& pressing the* board down,*tlje drag part 
with the board is turned over and the cope laid on and 
filled, and the pressor board laid in positio*. The pressor 
head is now pulled down on the presser board, and the 
cope and drag sand are thus pressed at once between the 
top and the boftqjji boards. 

The Farwell universal moulding machine, Fig. 204, 
Plate X, is more compfete than the moulding press. It 
can be used either for fjhallow patterns, or for deep'oncs, 
with a stripping plate, and tjie lift is mechanical. In the 
choice of tixeSTm*portable mounting it is similar to that 
ju'fet ekscribed. But the universal machine is fitted with 
mechanism for lifting the pattern or pattern^ from above 
the stationary table. The patterns* are piounted on a 
movable t^le, which is supported by a'long slide of 
hexagonal section, with'provision for taking up wear. 
Th'fe machine jcombines <a cQmmon qioulding press, .with 
a stripping plate, so that either can be used at will. The 
construction is this: 

For moulding with stripping plates, the .patterns are 
secured to one side «of a board or .plate, which is sup¬ 
ported a little way above ^e stationary press lable. Ooly 
one side of the plate is utilized, becausd'the table is not of 
the turn-over type. (Jope J,nd drag*are therefore r.ammed 
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on different machines, or on a; long machine^ capable 
of dealing with both boxes side by side at one operation. 
-"Ue'pattern‘plate is fitted with tubes near the edges, 
through" which loose studs pass and rest upon the 
movaljle table, termed tlie li/l, table. When a lover at the 
side of the machiiK!—the lift lever —within reach of the 
operatcn-’s left hand, is raised, these studs engage with 
the edge of the flask and lift the mould off the pattern 
plate. The sand is looseired during the lift by the right 
hand of the ^attendant, who 'strikes a rapping bar hori¬ 
zontally between two projections. The box is then taken 
off and laid wjiere re.juired for coring or pouring. This 
is an arrangement suitable for a large volume of work 
which is either shallow, or, if deep, well tapered, or of 
circular section. The lift is truly vertical; while the rap¬ 
ping given is as efficient as that imparted in a common 
mould, but less in amount—less being necessary because 
the rtiachine lifts perfectly vertical. 

When deep work with littlgor no taper, which requires 
a stripping plate, is to be moulded, th*e pStiern plate or 
' frame r,ests upon the stationary press table. The, strip¬ 
ping plat4 lies on the pattern plate. Three or four studs 
attached to ihe strifjping plate come down and rest upon 
the lift tablp.. They engage with guides on the pattern 
plate, and control the Vertical movement of tne stripping 
plate. By raising the lift lever both the stepping ptate 
and mould ai’c lifted' off the pattern, after which they 
are taken away. 

This is a concise account of these machines, without 
dwelling mhch on ipinute details. i Some of these must 
now be no'ted, and the first 'matter which a moulder 
would like to be«informed mbout is the pressing opera¬ 
tion, by whidh hand jamming' is vlholly dispensed with. 
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In shallo\y work tlie Fai‘well press simply utilizes the 
presser head' coming down on the plain presaer board (or 
the consolidation of the sand. But in deeiter patt^riyi- 
two further devices are utilized. One is peining, the 
equivalent of our pegging of sand down the deeper sides 
of patterns before ramming over the upper surfaces; 
the otlmr is the device of cutting out the presser hoard to 
the approximate outlines of the patterns to be rammed. 

Peining is done by tacking a strip of wood of abou^ 
-J- in. square ov the faces of both bottom ^nd presser 
hoards, close alongside the edges.’ 'J'hese, of course, being 
thrust into the mould before the flat portion of the 
board comes into operation, consolidate the sajid firmly 
round the edges of the pattern and against the box sides 
adjacent, just aii r^uld be done by the moulder’s pegging 
rammer; 

The grosser head, which is cut to conform to the shape 
of the patterns, is attached to the pressor top o? the 
machine. The expense of cutting it out is not so objec¬ 
tionable as mlgHT’appear, It is a question of number of 
m8ulA» wanted. One would hardly cut it for, a few 
moulds, but it would generally pay for a scofe or two, 
while when the cost is distributed oter hiindreds it is a 
mere trifle jjn each. The expense i^ not so^gyeat as that 
of cutting out half a core box, which it resembles, because 
th(f accuracy,necessary iii a’core box is not required for 
pressing the sand. 

When the Adams Company plate patterns they Use 
saw-blade steel plates in. thick, which are straight¬ 
ened, ground, and polished on one* ^de. As the patterns 
are only mounted on ope Side, the plates are stiffened Jby 
riveting three bars J in. by U in. on the underside, and 
running in the longitudinal direction. .Thd patterns are 
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of Wetalj seciiivd to the polislied face. Sockate of gus- 
j)ipe, previously m^itioaed, are titled near the edgei ot 
•tie'^j^tes to receive the loose pins, which have been 
described as coming down and resting on the bft table 
Of the machine. When patterns of wood are used, they 
are secured to one side of a board. 

As the pattern plate stands up on its pins away from 
the lift table, curved patterns and curved stripping jjlates 
j),re easily fitted. " 

Jfor morp, rliipid production, pattern plates are dupli¬ 
cated on the same machine, so that one man will ram 
cope and dra^g simultaneously. The pattern or patterns 
are set by centre lines to right and left of the common 
centre dividing the cope from the drag portion; or two 
machines are employed. In plain corpd work a boy may 
then set the cores. 

Moulding boxes are not necessarily made to fit these 
machines, as they simply lie upon the table, and the 
stripping plates, when suchiare used,^an be adapted to 
the boxes. But there are certain relations between boxes 
and bc^iom or presser boards wliich should be re^artied 
if the best economy is studied. The boards an^ boxes and 
the depths of, patterns should be mutually related. As 
the bottom,af.d presser boartls enter the df^g and cope 
to press the sand, J in. is the 'allowance in depth made 
for this, so that w,hatever the ‘depth of ^ssks required 
for hand moulding, in. must be added for machine 
moulding. The differences in dep^h of flasks for different 
jobs are recommended to be made in these boards and 
in the match. Thsis, taking 9?r -in. as a convenient 
distance between Ihe table ail'd top, when' the pressing 
lever is about horizontal the machine should be adjusted 
to that, anJ shallower flaskk fitted by increasing the 



EXAMPLES OF MOULDWG MACSINES .301 


thickness, of the cleats of the boards amd the match. 
The bottom and presser boards are made smaller b.y. 
J in. than the inside of the flasks, so that they^^nt^f 
easily when pressed. They are of white pine 1^^ in. and 
1 J in. thick respectively, with battens 4 in. by 1 J in. The 
battens of the top or presser board are hollowed out for 
the hands'. 

Ordinary flasks of wood, or iron, or snap flasks are em¬ 
ployed. A cherry snap flask is made by the Adams Com,- 
jiany, protected with iron ofl the top edges.^grooved in¬ 
side to hold the sand, with pins of triangular section. 

A special Parwell machine is fitted with,a turret head 
for the production of multiple moulds. It is am ordinary 
moulding press fitted with a head having two portions. 
On one portion' i^pattern plate containing a part of a 
mould is attached. On the other a peining or pegging 
frame is secured, the oGject of which, as previously ex¬ 
plained, is to consolidjite the sand around the ddges 
preparatory to the surface grossing. A flask filled with 
loose sand is FaicTon the table over the second portion of 
th^ pattern, and the Reining frame brought dowg upon 
it. The surplus sand is strickled off and a thin layer of 
facing sand riddled over. Into this *the pattern or the 
patterns op,|he turret are pressed, 50 forimug a portion 
of a mould on each face of the sand mould. The first sec- 
tioh is placed on the floer, and the others are piled on 
as made* until completed. 

Pig. 205, Plate XI, ^hows a hand machine with non¬ 
turn-over table, and hinged presser-head, bj the Berk¬ 
shire Manufacturing iCompany, of Cleveland,’Ohio. The 
pressure is intensified, by' toggle levers. THe patterp- 
plate is lifted from the drag, and the cope from the plate 
simultaneously by the moYement d the Jevei: seen below. 
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the guidance taking place through four posts, a pncu- 
ma,tic vibrator put into action by the knee assisting the 
'■^lii^ry. The posts are attached to a frame which per¬ 
mits of adjusting their position to suit different pattern 
plates and boxes. The frame is operated by gears run¬ 
ning inside racks ensuring a straight lift, and the frame 
is also coerced in guides. Canvas guards enclose the 
vital parts. Copes and drags are rammed on tho two 
sides of a plate, or on different machines. 

TahorMa^-hhirs. —The Tabor ^lanufactiying Company, 
of Philadelphia, make moulding machines to suit tho 
varied classef, of work required in foundries, some for 
stripping.plates, some without, some for hand, and others 
for power ramming. Improvements are effected from time 
to time in the standard types, besides which special 
adaptations are constantly being made to suit special 
classes of work and existing moulding boxes. For these 
reas6ns it is not possible to tal^e any one machine and 
describe it as being a Tabor,^ It would only be correct to 
say so respecting certain main elements in the design and 
some fundamental details. For this reason the firnuis Un¬ 
willing t6 have these machines described in any other 
than a general way, lest an idea should be conveyed that 
the illustration which might be given wouldjepresent a 
hard-and-fast design. We shall therefore only attempt 
to deal with the broad features jvhich charg^cterize these 
machines, illustrating ,one only, the 10-inch power 
squeezer for light work (Fig. 206,.Plate XI). 

An observer would notice the vibrating action through 
which the pattern iq loosened from .the sand previous to 
its withdrawal, as'being one of tjie cardinal features of 
many of the Tabor machines. It does not dispense with 
other devices, but it rnnders possible a good deal of work 
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which could not be acefimplished l)y any other means, 
short of an expensive riff-up of stripping plates. The' 
vibrator is a plunger from } in. to 2 in. iliametej, ac¬ 
cording to requirements, which plays to and fro under 
the action of compressed air at a pressure of about 75 lb.’ 
per square inch, brought through a hose and actuated 
Ity the attendant pushing a valve. The vibrator moves 
to and fro several thousand times in a minute, and 
strikes against hardened aiivils*at (!ach end of its cylinder. 
The result is that the pattern is shaken at jin extremely 
rapid rate ■with a much slighter degree of movement than 
that which is imparted in ordinary rapying. It is so 
slight that when a deep pattern is returned into the 
sand, it has to be rapped again before it can be with¬ 
drawn. The result is therefore the same as though an 
expensive stripping plate were used. In the vibrator 
I'rama machines, one vibrator frame is fitted to any single 
machine, but to that jny patterns, large or small, are 
readily fitted. The frame an open one, slotted around 
its inner edges* to receive extensions from the pattern 
within the frame. The extensions, being Jhin, are 
sometimes attached to gates, and frequenUIy to core 
prints. In the latter case they are utilized also as vents 
going to tljg outside of the^mould. ^Fins oftscrews connect 
the extension pieces to "the vibrator frame. Some firms 
k6ep a stapdard or jig frame in the pattern shop to 
facilitate the fitting of any patterns to the vibrator 
within the capacity gf the machine. 

The vibrator frame is guided in flasks by three-cornered 
pins, one at each ead. These fit'iyithin tt*e pins of the 
drag, which-are also, ,of tourse, of triangular form, while 
triangular guides on the cope fit outside these pins. 

We will now observe the operation ‘of ‘the Tabor 
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machine (Fig. 200, Plate XI), and the first thing W^nbte 
is the absence of the turn-over table which is embodiad in 
niimesMus machines. This is an advantage in one respect, 
that unjbinted patterns may be employed, which is im¬ 
practicable on turn-over tables. No special fitting of boxes 
to plates or tables is recjuired, but the boxes fit to the 
vibrator frames and to each other. Being able to take 
any unjointed pattern of wood or metal and fit it within 
the vibrator frame. Fig. 207, Plate XII, and mould it by 
turning or roUiiig it over, is a great point hi favour of a 
machine. It would, of course, weigh more in the case of 
moulds of which a small number only were wanted than 
in the case of those where hundreds or thousands ■^fere 
required, because the latter will pay for the jointing of 
patterns and their careful fitting. A.notli^'r point in favour 
of the moulding of unjointed patterns is that it is easier 
to ensure absence of overlap and fin than when they are 
jointed, especially when put on separate plates. Even ^ 
though they match original'y, the wear and tear of' 
machines, of pattern, and of stripping plates, when such 
are used, tends to increasing departure from perfect jtiilt- 
ing of mouids. 

Having the pattern mounted within the vibrator frame, 
the sequence.of operations is as follows: The ’.''int board 
is laid upon the table, and the pattern or patterns con¬ 
tained within the vibrator frame- are placed on it. The 
drag or bottom box is laid on, fitting it by its hollow 
vee-'shaped pins over the pins at the ends of the vibrator 
frame. Sandhis shovelled into the box and struck off 
level, and a 'bottom board with thick cleats or battens 
laid on the "sand. Above this there is a pbesser head, 
Mtherto thrown back clear of the work by hinged rods at 
ihe aides, batJbow. pulled forward until the presser board 
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stands hori^ontEdly, in which position it iS arrested by 
stops. There is a three-way cdbk at, the side of the 
machine by which the attendant admits compressed Air. 
at from 60 lb. to 8# lb. pressure, into the inverted 
cylinder in the base of the machine, forcing the match 
board, drag, and bottom board up against the presser 
head once, twice, or thyice, as happens to be most suit¬ 
able for the work in hand. This completes the first 
stage. 

The ramming liead is next thrown backwdrde, and the 
drag, with its joint board, turned over, with the vibrator 
frame between them. The match is then* lifted off, 
leaving the joint face open to receive the top hoxf, which 
is fitted over tlje pins of the bottom box. Parting sand is 
dusted over the fdb% moulding sand thrown on, a board 
placed over, the presser head pulled forward, the cock 
turned, .and the mould pressed up against the head. 
This completes the second^tage. 

Delivery of the pattern is efjacted as follows: The cope 
i.s first lifted by hand. As it is about to be lifted the at- 
tendi^Mfc pushes a hinged pad in front of the njasdiine 
with his left knee, which admits air to the vibrator, and 
during its action he lifts the cope off. To withdraw the 
frouk the bottom boi^ the vibrator is Started, atnd 
the frme is lifted by the l^a'ndjes at the ends. 

On* first thoi^ht we might be disposed to think that 
one of the‘chief advantages of a mourding machine, that 
of a perfectly vertical lift, js sacrificed. The importance of 
this is greater in the top than in the bottom,. But the 
drag pin is sufficiently iojig to ensure •perfect control of 
the lift in mouldff^f medvurff depth at least, so that un-. 
less in work which is obviously suitabfe for stripper 
plates the supposed olrjectihn does toot apply, and in 
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some deep siripper-plate work the vibrator ,is included 
with advantage. 

Tahor machines are fitted with stripping plates of sheet 
metal when reipiired, and with the devices term' d studls. 
The sheet metal covers the entire surface of the machine, 
except, of course, where it is cut out round the patterns. 
The sheet is supported by the pattern plate during ram¬ 
ming, and the stools carry its edges during the with¬ 
drawal of the pattern. ' The stools in this case, are loose 
cylinders of metal which fit in round holes hoi ed through 
the pattern plate. The surfaces of their upper ends 
come flush with the surface of the plate, and their lower 
ends rest on a stool platr. This last is supported rigidly 
by means of brackets from the frame which carries the 
moulding boxes, so that it has the same ui)ward motion 
as the boxes, and the upper ends of the stools therefore 
remain in contact with the sand of the mould until it is 
lifted from the machine. 

Machines made by the ISaden Engineering Works of 
Durlach embrace nearly every type. Some are of small 
size; others are of very large dimensions: tl"_, in¬ 
clude numerous designs and systems, embracing hand, 
hydraulic, and pneumatic operation, turn-over plates, 
and fixed -plates, pulley moulding, and other sp'Jal 
machines for pipes, firebars, lioothed wheels, etc. 

The simplest type of hand machine made is of very 
plain design. It consists of a table supported on four 
stiff legs, which bring it to a height suitable for ramming 
by a man standing upright. The pattern plate is fastened 
on the table, and the mouldinj,; hex placed over it, fitting 
by its pins thereto. The sand is raifftlicd and strickled 
level, and the box lifted off the pattern truly by a pedal 
lever arrangement, which lifts a crosshead underneath, 
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when four I'ods at each corner that i)ass 'tl)i'ough the 
pattern plate push up the box clear o£ the pins. These 
machines are made for boxes that range from 12 in.iio* 
24 in. square, and are intended to be used in pairs for 
top and bottom boxes respectively. 

.\nothcr single-lift machine without a turn-over plate is 
designed for boxes of larger dimensions. Instead of the 
box being lifted off, which could not be readily done be¬ 
cause of its weight and size, the pattern is drawn down-, 
wards by means^of a lever aefuated by a sdrew of quick 
j)itch, the weight of the pattern table being counter¬ 
balanced. The box is left supported on fou* projections 
on the frame. This machine is suitable for patterns of 
no great depth. In deep work it is better to lift the 
pattern upwards ^ of the sand than to draw it down¬ 
wards. j 

Other-hand moulding machines by this firm have a 
turn-over plate fitted, the^iattern parts being fastenedon 
opposite sides of it; patterns*)! plaster, white metal, or 
other materials being used equally well with those of 
\voo?m- metal. When preparing these pattern pktes for 
foundries wjiich deal less in repetitive work th^n m small 
numbers of castings, the plates are made with a largo 
"luftaljer of Iw-les which are Ijtted with corks^viien not in 
use. Holes can be select^a from tfrese to suit various 
l)atferna, andJiJic remainder left with|ho corks in. The 
method of fastening is by meansf of tubes, screws from 
one half the pattern entering into holes in the tubes in the 
other half, ensuring the correct placing of the tjvo portions 
through the interveniftpplate. The halves of Jhe mould¬ 
ing boxes tire {IlSced oniopilosite sides of the plate, thejf 
positions being fixed bj^ two pins which ^ss thro ugh the 
plate, and stand out on opposite sickes, and to'which the 
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box lugs arc secured by wedges. Or, the plus form apart 
of the box and pass through the i)hite. These machines 
are made for work of medium dimensions, taking boxes 
ranging from 10 in. by 12 in. to 40 in. by o2 in. The 
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depth of eacli half-box varies from 10 in. to 12 in., a good 
depth for machine moulding; fj-’f m thi.s case, of course, 
the pattern plate is lifted from each box part. 

Jn appther liand machine of larger dimensions, in 
which the design of a turn-over taLde is retained, the 
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moulding box is supported on a carriage running on 
wheels, and is lifted up to the pattern plate and lowered 
therefrom by hydraulic power. A j)iston underneath d»e^ 


the lifting and lowering, and as no great power is re¬ 
quired, a hand pump can a 

be used in the absence of iTl 

a regular hydraulic plant. In 

Boxes of larger dimensions .J 

are used on this machine, ^ 

ranging up to J72 in. by ' k * oI 
10 in., with a'depth of 12 in. 

In other turn-over types i j 

of machines, instead of 1’' i II 

, , . . . ‘i “ " /ni 

hand-ramming, provisnm \ — 

i.s made for eosmiressiiig W Wv j j 

the sand.' In one of these J 

toggle levers are employAl ' 

to permit of the exercisas ''i ‘ (1 7" * 

of increased force as the '■ \ \/ ■/ 

depth of sand increases. ^ I// 

Thifc.'jptehine is illustrated / cA^o ' J • 
by the drawings Figs. 508 / A 

and 209 in part elevations / * I' ° ■ \ 

»B4.8ections.jrwoA-shaped / V 

frame> A, A, sustain the* ^ 

mechanism. ^ Two cro4 iq,,.- 209 .-^Tdbn -OVER 'rAllfcE 
stretchers'B, C Connect the MAOurNE* Vertical Section. 
frames. D, E are the lexers 

which form the toggle—sEraightening out as the pressure 
on the mould isincreaaed# They are pjvoted in'bosses in 
C above, and iu.^H5eI5^and are actuated by the ham^ 


lever I which turns the pinion /' engaging in the quad¬ 
rant rack It on the levef D. AThe tabie F is tUW^ressed 
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upwards agatnst the moulding boxos K, K, iij opposition 
to the crosslicad (1, which is connoctcd hyrods II, H to 
:tho bottom of the standards. G is pivoted by the rods, 
and can ho swung hack f)Ut of the way to periu't of the 
insertion and removal of boxes. 

The turn-over table is seen at J, with boxes at K, K. 
J carries intermediate; blocks, the function of which is to 
receive the pins for the boxes. L is the presscr board, 
and .1/ a loose frame'into which the surplus sand is 
shovelledi of a thickness* about equal ,to the reduction 
eU'ected by the compression. The box parts are secured 
to the tabl^ while being turned over by clamps, one of 
which is seen broken off at ,V. Each half is fitted and 
compressed separately, turned over, the cottars knocked 
back, the box part received by the tjjble F, and the pat¬ 
tern plate lifted from off it by the counterweighted lever 
0, the crosshead G being of bourse thrown back out of 
tile way. The top and bottom parts of the mould are 
thus prepared alternately ^n one machine. The sequence 
is as follows: 

A,box part is first fastened on each aide of the turn¬ 
over pfate on which the patterns are set, and the bottom 
box being first tdrned upwards, is filled with facing and 
coarse sanSls up to the top of the clamping frame M, ' 
pressing board L ill pul on, the head G brought over it, 
and the toggle lever 1 pulled. ,‘The turn-over plate is next 
reversed, bringing* the box just pressfect down on the 
table, and the other or top box is treated similarly. Then 
the wedges of the bottom box are knocked back, and the 
plate lifted and jfie box dra.;yn, forward on the table. 
The plate is th& turned ov»r for anoW;''r box part. 

Besides these there arq large numbers of machines that 
are operated hydrfiulicallyf ranging from some of very 
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simple type fsr small castings, and attended hy boys, to 
others of very large dimensions and of more or less com¬ 
plexity. The advantages of the application of hydraulic' 
power to this class of work are indisputable. T'.e stand¬ 
ard pressures adopted are 750 lb. to the square inch for 
moulds for iron castings, and 1,500 lb. for those of steel 
and other castings. As the sizes of boxes increase, the 
weight of the box, with that of the enclosed sand, taxes 
,the muscles severely in hand machines, in spite of long 
levers and, co’anterweightiiig. The application of power 
does away with this exertion, and permits of the use of 
machines of #iny dimensions adapted to heavy classes of 
work that could not be economically put on hand-oper¬ 
ated machines. The hand machines, with turn-over 
plates just now described, are also after the same 
model for hydraulic power, a piston beneath pressing the 
moulds upwards between it and'the crosshead at the top. 
Mathines of this type range f^om a capacity for boxes 
measuring from 16 in. by 1^. in. to 172 in. by 16 in. 

Another class of hydraulic machine is double, Pig. 210, 
withopt a turn-over plate, the object being to have tWt-'aSen 
working 'on top and bottom of a mould with a central 
presser. The moulding tables travel to and from the press. 
The jnoulds are prepared oq these tables, and brmigHf 
under the press in thrn. The j)attern plate is reiboved 
downwards from the mouli after pressing, leaving the 
moulding box on two 'side bars. The largest machines are 
fitted with a light hydraulic crane, to place the boxes on 
the closing-up table. In the largest of these types, boxes 
up to 150 in. by 16 in. are handled; 

The Figs'. 211, Plate XIII, sBow a groul)"©! machines by 
;he London Emtry Works. Company, for moulding flat 
md shallS^ castings, such as gas, water, or electric 
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ligHt fittings, stove and grate parts. The two machines, 
seen at the right hand, each comprise a patforn plate, 
mounted on a hydraulic ram enclosed in a cast iron.case 
to prevent the intrusion of sand and dirt. The rammer 
head is supported on pivoted links, and is swung back' 
during the filling of the moulding-box with sand, and it 
can be adjusted to regulate the length of stroke, thus 
economizing power. The moulding-box is lifted off the 
pattern by four rods actuated 4)y the lever seen in front. 
These rods mi^st be flush with the pattern jilate in their 
lowest position, and they can* be adjusted to suit the 
various heights of pattern plates. ^ 

It is advantageous to have two machines forking to¬ 
gether as shown, one making the bottom and the other 
the top boxes,"'Rg the work can then be carried on con¬ 
tinuously, otherwise the patterns must be changed, or 
arranged on the reverSbte pattern-plate system. If re¬ 
quired. the machine can be constructed for extracting 
deep patterns through a stepping plate. Snap flasks can 
be used. Should an hydraulic plant be unavailable for 
reason, the macliine can be worked by hani^ without 
any alteration. At ttie left a hydraulic core ^nachine is 
shown, completing the installation.* 

Messrs Bopp and Reuther, of Manalheim, ipake a 
sp^iality of hydraulic* mouldiifg machines of several 
tj'pcs, comprising very.advanced examples. 

A hydraulic machine with turrf-over table is shown in 
vertical section in Fjg. 212. The table A swings in trun- 
nions, which are clamped by the handles^a, a when the 
table is set in its horizontal positfqp. The tlunnion bear¬ 
ings are in oclS'wiEBTiJie sleeves B, B that slide in the up¬ 
rights, and the height of viihich is se^ by the collars h, b 
clamped to the pillars. M the cotpmencemfcffof working, 
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an empty half-monldingbox is set on the turn-over plate, 
and the other half on a wagon ( ' that runs on rails. The 
upp^r hox is first filled with sand, and the regulating 
valve T> operated, causing the ram to move upwards, 
pressing the sand in the hox uji against the presser 
head F. The latter is hinged, to be flung aside during 
ramming. A pressing fi-anie G, to confine the loose sand, 
is laid over the box, as is usual in such cases. Before 
taking off the pressure, the two half-hoxes are clamped 
together again^ the interveEing plate, the clamps being 
shown at c, c. The regulating valve i) is now released, 
allowing the ram to sink gently, and with it the plate A 
with the box parts, until their movement is arrested by 
the collars b, b. The plate is now turned over, bringing 
the rammed box underneath and the unr^mmed one up¬ 
wards. The latter is then filled with sand, and pressed 
as the other was. The clamps am next released and the 
ram lowered; the descent is arrested by the collars b, b, 
and the second box sinks away rrom the pattern. The 
process is thus repeated, sAccessive half boxes being 
rammed on opposite sides of the plate. 

It is cu&tomary in using these machines to press tne 
pattern into the mould after blackouing, as brass- 
founders do. yarious presser heads can be made inter¬ 
changeable on the arms to suit moulds of" differjht 
depths. These machines are made in a large range of di¬ 
mensions. With the hydraulic a'rrangemenf very heavy 
moulds can be handled with great facility. 

The question of floor space often arises when the 
adoption of moulding machines is being considered. 
Even if the, machines themselyel^'-aai^occupy much 
room, much spacq, is required for' the finished moulds, 
the sand, mi' empty moulding^boxi s. The problem be- 



FXAMPLT!S OF MOULOINO MAOHtNFI^ 31S 

comes acute in proportion to tho rapi(li].y ctf action of the 
machine; One solution is the ])oi tablo machine, p. 295. 
Another solution is that of multiple moulding. Machines ■ 
arc constructed by which a single half moulding box, after 
being pressed on IjOth sides carries a mould. Ibe hailt 



boxes arHhen stacked on top p&each other, a complete 
mould being formed at each joint, and the entire stackns 
poured through orte gate. By stacking the boxes in this' 
manner the difficulty of floor space is solved, but other 
important adj^^ges.result. Thus, as e^ch half mould¬ 
ing box contains t^fo half moulds, one half box sufficed 
for each complet® mould'; and on referQppe to the illus- 
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tvation, Fig. ilS, Plate XIV, it is shown that by using nine 
half boxes eight piles of castings are obtained; As only 
the upper half box in each stack contains an ingate, a 
considerable saving of metal is effected. Also, on’y half 
the quantity of sand is necessary lor each mould. As, 
using ordinary machines, two half boxes are rei[uired for 
each complete mould, the capacity of the multi])]e machine 
is therefore nearly doubled. The illustration shows pat¬ 
tern plates, aire pl/ifi’n, or boxes, some cores, and a pile of 
callings as pouted. The machines used are practically 
identical with those shown in Fig. 211, Plate XIII. The 
moulding box is lifted off' the pattern on four pins by the 
lever in front of the machine. The presscr-head, how¬ 
ever, which carries underneath one-half the pattern, does 
not swing back, but is arranged to push j^ack on rollers. 

The method of working is as follows: a moulding box 
is placed on the pattern plate, a sand frame placed on it 
and filjed with sand. The presser-head with pattern plate 
is then drawn over and the box Vammod in the usual 
manner. A half-mould is thus*”made on each side of the 
half box. After pushing the presser-head back, j^h/ 
moulding box is raised off the pattern plate -on four 
pins by a lever in front of the machine. Contiifuing in 
this way one bpx after the other is made and stacked, 
in lots of tern to twelve, the toJ)-one being weighted A's 
usual. 

A machine designed for multiple moulding’, by Messrs. 
Bopp, and Eeuther, is shown in Figs. 214, 21.5, in which 
two half-moulds are made at one pressing. One half is 
done in the usual way by a half-pattern A, on a plate; 
the other half is by afframe B, w.hicJKSTftfessed into the 
upper half of the moulding box C. The relations of the 
moulds and ^tterns plate before pressing are shown in 



EXAMPLES OF MOULDING MACHINES 31 ? 

Fig. 214, and after pressing in Fig. 215.' Tlie method of 
operation is as follows; 

The bos part G is carried upon a frame D, which is 
slid by means of socLcts upon vertical guides. When set 
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thus in place, sufficmnt pressure is put on the rantiJ to 
bring the pattern and plate A into contact with the 
lower face of the.boj: C. The iatter is how fi led with 
sand and tlie ffatftS B kid upon it,'the latter also bemg^ 
mied with sand. The water is tuimed on again, pressing 
the lower half-pattern into the box C, and-ihe upper half 
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into the frame B, after which the'ram is lowbred, leavihg 
the mould complete with its ingate. It will he observed 
that ^^he top half of the pattern is carried on a travelling 
wagon, which can be run aside when the sand is being 
shovelled into the boxes. A series of superimposed 
mould is shown in Fig. 216. 

The larger the number of moulding machines of a 
single type and size used in a foundry, the better chance 
is there to make economical arrangements in the depart¬ 
ment. In some English sliopj, a circus is used for load¬ 
ing And conveying avay the boxes. 
It is an annular table susiiended by 
rods from a central pillar, around 
which it is turned. In other cases 
a conveying table pnis on rollers. 
In others, parallel rails are used, 
down which file boxes are slid away 
from the machines, and from which 
they are taheii and laid to right 

Fio. 216. _Multiple floor. These are ad- 

Moulds. juncts of the fixed machines. 

" use of portable'*machines is growing 

in the case of light' machines. If a large number of 
power machinet can be utilised, then the mo^t elabor¬ 
ately designed ‘plant rtsiilts in -the highest economi'es, 
and probably a hydraulic plaiil is the best on the 
whole to adopt. When many machines are fixed in a 
large system, the question of handling the sand and 
moulds offers far less difficulty than in the case of a 
few machines' only. Nbt only does it pay to make me¬ 
chanical provision fbr taking away''lTOlitii6hed moulds, 
but adequate arrangements can be made for conveying 
the sand atwFsmpty boxes to the maehines. In a perfect 
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sysletn such as this, the*men never leave tlTe machines, 
hut the luitking of a mould is the work of several, begin¬ 
ning with the sand room, and endinj^at the metal pourei’. 
Each machine operator receives his sand ready mix6d, 
and boxes, rams the w^ole, or probably only half a mould,'- 
which is conveyed away to be cored by others, closed by 
others, and poured by another set of men. 

And further, in this entirely mechanical system, which 
is carried on with nearly .military precision, other 
machines besides those nsod directly in poulding attflin 
an importance beyond that which they possess in the 
general jobbing shop where a heterogeneous class ol 
work is done. Coremaking machines are moulding 
machines of a special class, and the use of these is ex¬ 
tending. The f<4tling department is affected, for machine-- 
moulded castings arc, or should be, cleaner, more free 
from.lumps and tins* than hand-made ones, and the 
tumbling barrel and emery wheels are able to deaj with 
these in (juantity. 

Core Makii)(i.—The making of cores by machines in- 
e .-iiably follows the preparation of the moulds, or othei- 
wise the coremakerif could not keep pace witlf tJie output 
of the machines. For many ycars»cores 8f circular and 
polygonal sections have been made by mqichines provided 
with pistons which pusJAhe cor«s out of the boxes end- 
trise, but these now ednstttute only a small section of the 
work‘done*in coremaking inaciifnes. The largest ol 
these, of which Fi^. 217, Plate XV, is a typical eif- 
ample, resemble the* hydraulic moulding machines, the 
difference consistipg chiefly in ttie substiVution of core- 
jilates for the i/SifiSI-n-pJates. In tlmse cases the edges of 
the corc-plates, or core-boxes strictly;, are chamfered to 
cut away the sand* ami prevent it getting.* the joints. 
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This is shown very well in^Pigs. 218, 219, Pla*e XV, in 
which ^he plates.are seen above ami the cores moulded 
fron\them below. Tne output of Fig. 218, in which the 
core-plates measure 16 in. by 12 in., is 48 cores p ,r hour 
■when made on a hand machine. The output of Fig. 219 
with core-plates of the same size and using a hydraulic 
machine is 72 cores per hour with one mah. Fig. 220 is 
an example of a coremaking machine of another kind, in 
which the halves are withdrawn laterally by means of a 
rignt- and left-liand screw. 

Withdrawal of Patterns':- —Not the least interesting sec¬ 
tion of machine moulding, from the operative moulder’s 
point of view, are the mechanical details of pattern 
moulding. In ordinary work we may say broadly that 
the pattern is either lifted from the -ihould, or the 
mpuld is lifted off those portions of the pattern which 
come in the top; and the pattern Ife self-contained—that 
is, it is not attached to or cast with any kind of plate. 
In machine moulding both lifts are common, either 
the pattern or the mould being lifted. But besides these, 
the pattern is just as often drawn downwards, leaving 
the mould above it; or the mould is drawn down¬ 
wards, leaving the pattern above. Neither of these two 
last would be pi;acticable in hand moulding, as they are 
in a machine \Vhere vertical movements are rigidly con¬ 
trolled ; and their practicability widens the range of use¬ 
fulness of the moulding machine. Either device has 
advantages over the other in certain classes of work. 
In the case of shallow patterns it makes no difference 
whether the box or pattern is lifted off the pattern, or 
the pattern drawn dfiwn from the box. Tn deep work it 
‘is better to lift the pattern and plate off the mould, or to 
lower the bes-^away frop the pattern’. In either of the 
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latter plans stripping plsttes must often be used to pre¬ 
vent the saild from breaking down. 

Machine moulding has developed ihto a highly-orgaji- 
ized system where machines and methods are correlate*d 
and interdependent, if has effected a revolution in some/ 
shops in costs, in labour, in many of the details of pattern 
work, and what it has accomplished in the few will be 



Fig. 220. —Cobb-making Machine^with S?and Bin. 


done»in many ere long. It*must ba*so as cdnlpetition be¬ 
comes more severe. Already work is done by machines 
that wcmld ifaVe been deemed impes'sible half-a-score of 
years since, and it would be unwise in the light of that 
advance and the promise of the future to attempt to set 
any limits to the capabilities of moulding^ nfachines, and 
the systems pf which they form a part. 

Boxes.—It may be talcen as a fact thfit. many moulding 
boxes in the near future ijill be designed specially for one 
I 
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class of work only. To some e-.;tent this holds good now, 
just as it does in the case of large numbers of machine 
tools which are only seen in the shops in which they have 
been designed, if not built. Pulley moulding machines 
are a familiar example of special machines; so are car or 
railway-wagon wheel moulding machines, and machines 
for moulding firebars, others for radiator pipes, and for the 
vertical parts of radiators. In these, stripping plates are 
used, and power pressing, notwithstanding that the bars 
and ribs are deep, and the spaces both between bars and 
ribs are very narrow. The numbers required off pay for 
the cost of fitting up stripper plates and pressor heads, 
and though the work is massive, the application of 
hydraulic power robs it of all excessive labour. Pipes 
are moulded by these up to 6 ft. in length, and firebars 
up to 60 in., and several firebars are moulded at once. 

Mechanical Pressintj. —It has 1 een made clear that me¬ 
chanical pressing cannot in all cases properly supersede 
the necessity for hand ramming. It is claimed for presser 
heads that the moulds are all pressed uniformly, and 
that therefore castings will all come out alike. But uni¬ 
form pressing is just what is not desirable in many 
moulds, because un’formity of pressure over the area of 
the head docs not mean the same thing at different 
depths of irregular moulds. ' Besides which, it is well 
known that some portions of many moulds must -be 
rammed harder than others. In proof of these facts, 
which are obvious to moulders, many of the most suo- 
cessful machines in use now are made for hand ram¬ 
ming. Power ramming has its place in foundries, but 
its utilities are limited to certain classes of work, or to 
work for which suitable dummy presses are cut. Many 
devices have been patented to facilitate the ramming by 
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povver o; aeep patterns ana irregularly’shap'ed contours. 
They emphasise the fact that power ramming,' except in 
plain, rather flat work, is not succefesful, apart froiq jihe 
assistance derived from suitable devices. * \ 

Jar-Iiamming Maclines.—The chief utilities of thede' 
machines (the latest type) lie in the ramming of deep 
moulds. They are not suitable for shallow ones unless 
an excess of sand is used. Depth is necessary to ensure 
consolidation of the sand, which is increased by the jar¬ 
ring from twrenty-five to thirty per ceqt. The sand'.s 
denser at the bottom than at thefl;op. The upper stratum is 
usually lightly rammed by hand after the jarring. A sand 
frame has to he used to confine the extra sand required 
for consolidation. No venting is required. The economies 
are enormous’. The actual jarring does not occupy more' 
than half a minute. A flask can be placed on the 
machine, jar-rammed^ and removed in two minutes. A 
similar mould of moderate size if hand rammed ^vould 
occupy from twenty mmutes to half an hour. There is a 
vast future for these machines though they are little 
knrfwn at present. 

Figs. 221 and 222, Plate XVI, illustrate the fiermann 
jar-ramming machine constructed hy the Pneumatic En¬ 
gineering Appliances Company, Limited,^f Westminster, 
S.W. This is built both for strij^iing-plate'work and for 
turn-over moulding, *the* latter being an arrangement 
whicir is r*e&JOvable, and not shqWn in the photograph. 
The parts of the jarring mechanism are enclosed ip the ■ 
cylinder seen at the* base of the machine, to which air is 
admitted througl^ a.valve to effect the’.jarring. The 
mould is raised off the pattern by the pneuipatic cylinders 
at the end, and the separation of pali,tern and mould can' 
be effected either npw^rds or downwards as desired. A 
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special feature if the machine' is the oil-governing ar¬ 
rangement in which the cylinders for raising and lower¬ 
ing the pattern tanle and moulding box are governed ' 
perfectly, so preventing injurious shock. The c'.l tank is 
Jeen at the front in Fig. 2‘2'2. The machine is set to 
strike alwut 120 blows a minute, and twenty-five to fifty 
jars are sufficient to set the sand in an ordinary mould. 

The action of the jarring machine may be understood 
by regarding it as composed of two essential elements, 
the jarring table which carries the pattern and mould, 
and the anvil. The tabid is lifted and dropped repeatedly 
and rapidly on the anvil. J!ut in order to lessen the re¬ 
sulting shock the latter is cushioned, and is often also 
made to lift to meet the falling table. In the delicate 
relative adjustments of these two movements the effi¬ 
ciency of the machine lies. Hence, though the action of- 
the jarring machine is simple, 'the details have to be 
worked out with care, because the jar or shock which is 
the efficient agent in the consolidation of the sand is 
also, if too severe, destructive to the machine, the flasks, 
the sand of the mould, and even to structures im the 
immediate’vicinity. '* 

The weight’ of the table, the flask, pattern, and sand, 
is lifted to a height which varies from say 2 in. to 8 in. on 
an average, fin'd is then droppeibon the anvil, the action 
being repeated perhaps thirty of forty times within tHe 
space of half a minute. The early blows are more effi¬ 
cient than the later, and longer drops also are more so 
than shallow ones. But the deeper the drop and the 
more prolonged the 3'ction, the' more severe are the 
effects on tho mechanism of -the mould. Destructive 
effects can only be avoided by a very solid construction, 
end by tho'-reotognition of certfin flcts which are con- 
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cerned with the impact of falling bodies. Fracture of the 
sand will also occur in any case if there is imperfect fit- 
ting-of patterns, flasks, or mechanism, which would canjse 
slight relative movements to take place. 

By the laws of impact the heavier the anvil the betterl 
so that an anvil bedded on rock would be the ideal one. 
But a rock bottom would be bad from another point oi 
view. It would transmit the ground waves set up by the 
machine to a long distance,’with disagreeable if npl 
<lostruetive eflEeets to neigfihouring waHs,, floors, and 
buildings. And a very heavy cast iron anvil would in¬ 
crease the cost of the machine unduly.. The practice 
therefore is to make the anvil of about the same weighi 
as the jarring table when loaded with its pattern, flask; 
and sand, and’to bed it on a timber cribbing. An anvi. 
■ciishioiied in tliis way will, when struck by a table of iti 
own weight suddenly adljuire one half the velocity of the 
table at the instant of ijnpact, after which both table anc 
anvil will be brought to req^ by the yielding resistance o: 
the timber foundation. The loaded table thus loses only 
one dialf the velocity it would lose by falling on •n anvif 
of infinite weight, as a rock foundation, and^the ramming 
effect is one quarter as much, beifig measured by the 
square oMhe change in velocity. 

GSmjyessed air is u^d for tile operation of these 
mtichines, its supply being controlled by a valve which 
is put mto and out of action by a* lever, but the action 
of which is continupus and automatic as long as the 
lever is retained in a certain position. There are two 
general methods ofr operation in ,use. In one the air 
which lifts ttie jarring talble is exhausted into the atpio- 
sphere during the falling stjoke. In the other it passes 
into the anvil cylinder and assist^in raising tlie latter to 
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meet the falling (able, the rest oi' the work being affected 
by compressed springs under the anvil. When the air is 
not exhausted thus, the springs do all the work of lifting. 
-The idea is to cause the momentum of the risiU j anvil 
flo be approximately equal to that of the falling table at 
the instant of impact, and so produce a maximum of 
jarring effect on the sand without injurious shock on the 
foundations, on the sand, or the mould fittings. By this 
action the tendency of the* table to spring away from the 
anvil after impact is met and neutralised, since the 
rising anvil remains in contact with it, and one of the 
causes which would tend to produce damaged moulds is 
eliminated, 

Specialization in the foundry .—We are coming into a 
time in which the work of the foundry is likely to un¬ 
dergo radical changes, not only with respect to the em¬ 
ployment of moulding machines,-) but of the system of 
which they form an important section—though but a 
section after all. For, though the installation of a 
machine or machines in a sliop is, in the first place, 
usually done with the idea of helping the jobbing work, 
or that which is but slightly repetitive, dissatisfaction 
with all the “methods in vogue usually results, as the 
latent possibilities of the innovation in moulding be¬ 
comes apparfenft. 

The introduction of any moulding machines, therefore, 
however simple in d'es.ign, and few in num'bers ctoly, is 
‘often the beginning of a wider system, of which this 
particular machine forms but a single detail. Though 
the advantages which it confers over {he unassisted work 
of the floor or bench are great, ets ultimate .tendency is 
to Ifead to economies in alt the work that leads up to 
the machine, and in that whiclq, folbws. The desire to 
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speeialize. grows as the' economies of* bm particular 
section of specialization becomes apparent. It' tends to 
introduce, and must with some luachines introduce, 
new types of moulding boxes, new methods of mixing^ 
and conveying sand, of grading iron, of making cores.' 
The labour problem has to be wholly readjusted, while 
(luestions come up for solution that never troubled old- 
time moulders—such as the installation of power (steam, 
liydraulio, or pneumatic) in thi foundry. 

Perhaps the^keynote in tlfb problems wdiiqji are raised 
is to bo sought in the word “ spe'cialization.” Firms who 
are able to speeialize sufficiently, can cho(jse almost any 
system and moulding plant, and make a suqpess of it. 
Those who have grown accustomed to one system are 
naturally prejudiced in its favour, and it is hard for out- 
• siders to say whether it is worse or better than any other 
for particular shops, (lenerally, one would like to believe 
that firms can be trusted to know their own business re¬ 
quirements better than anj others can know them. Yet 
this is not always true, because outsiders in walking 
thrciugh shops see, almost as if by intuition, things which 
might be improved ;* though long habit in fhe case of 
those wlio have grown with the system has developed 
a kind ef permanent set^ or, to use anether simile, a 
colcTur ^blindness, which is prejadicial t6 Hear insight 
a'hd reform. 

An instance of what we mejin diy extreme specializa¬ 
tion is this: , 

In the machine-made moulds in the ordinary work of 
the foundry, the box 'parts are ^ut together either by 
hand or by*the crahe^in^both cases the controlling power 
being exercised by the han^s of the men. There is not 
very much involved? in this, it is true, bilt’it'does some- 
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times happen fc^t a cope will Ke damaged by not being 
lowered quite horizontally, or hitching of the pins in the 
ho]^s occurs, or betause the movement is jerky. ‘And 
/when intricate cores are being inserted, these aay be- 
lome pushed aside, or crushed in the act of closing the 
mould. Now a machine is made by which the top is 
lowered on the bottom box, perfectly plumb, and it 
thus fulfils the same function in the accurate closing 
of the mould that the •moulding machine does in a 
square lift of tlje pattern. It? stands on a .circular base, 
carrying the table on which the bottom box is laid. Two 
uprights stand up from the table, and carry centring pins 
that pass from bottom to top. The top box being sup¬ 
ported by hydraulic pressure, the removal of the latter 
allows the box to descend, along with a supporting cross¬ 
piece moving in guides underneath the table. Or, worm 
gear is substituted for hydraulic'povver. The capacity 
of these machines ranges from boxes of 24, 86, and 
48 in. in length. These are l^ited by the distances be¬ 
tween the U2nights, but there is no limit to any width, 
within reason. 



CHAPTER XV 

MACHINE MOin.DED GEARS 

Gear wheel moulding machines, though extensively used, 
are not found in all shops, so'that there iM-e ^till many 
moulders and pattern makers wlfo have had no experi¬ 
ence whatever of them. There are six or seyen different 
types. The machine of Messrs. Buckley and Taylor, of 
Oldham, is selected for illustration in this volume. Before 
discussing the Actual moulding of wheels, the construc¬ 
tion of the main framework of the machine may he 
described. » 

The illustrations. Figs, 228 and 224, represent a tdlile 
mat-hine, that is, one in whijh the moulding flasks are 
set and rammed on a table. In the^oor machines the lower 
portioj of the work is rammed in the foundry floos, and 
a top box is employed* to form the cope mould only. 
The first iflachines are used for wheels of small and 
of moderaf^ dimensions, the second^ for tb6se of litrge 
diameter. The table machines are eirtirely seff-contained, 
but •all tl*e uj)per porticos bf the floor machines are 
portable,-iihat ft, the essential dividing apparatus and 
carrier arms are, when required for use, set down over U 
central pillar or base sunk permanently and levelled in 
the foundry floor. Th§ machine of Messrs. Bflckley and 
Taylor is made capable of ainployment*in each capacity, 
the upper portion being removable, and* the base, with 
the dividing apparatus, being adapted td'fit into a 
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maHsive bed.iil the floor, while a radial arm^ made to 
slide in vee’d guides screwed upon the bed, is substituted 



223. —Wheel Moulding Machine. 

* * * 

for the arched arm. This raditil anu carries at one end 
the vertical slides for the tooth blocki and the radius of 
the wheel'to*'be moujded is only limited by the length 
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» ) 

of the arm., Wheels up to So ft. are moulded in the floor 
machine. 

■ Figs. 223, 224, are an elevation and plan respectively<f 



by means of a tumed,piB into the boss of the*foundation 
plate H. This table‘carries the moaiding flask T, on 
which is shown a sectional portion of a spur wheel mould 
and is revolved by nleani of the dividing*wheel F, anc 
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* ■ 1 ■ 

tangent scrfw E. The bed 1 carries the arfhed arm J, 
at the extremity of which moves the vertical slide K, to 
vylrich the tooth block is bolted. 

The essential mechanism by which the dividing out of 
the wheel teeth is effected is as follows. The dividing 
wheel F is attached to the under side of the table. Into 
this gears the tangent screw E. This is actuated by the 
handle A turning around on a notched division plate V. 
'4'he short hollow j)illar beneath encloses a pair of small 
mitre wheels, through whicli the motion ef the handle A 
is communicated to the shaft 11, at the opposite end of 
which the fiBst change wheel (' is placed. This gears 
through tlie idle wheel G with the change wheel C' upon 
the tangent screw shaft IJ. Any gears of the set usually 
supplied with these machines are interchangeable at 
(/, O' and G, a slotted quadrant plate, together with the 
idle gear G furnishing the means of adjustment for 
centres. Of course the idle wh^el counts for nothing in 
the calculation of the train.* 

Suppose the tooth block to have been set at the correct 
radiusifor any given wheel to be iijiouhled, by the sKding 
along and clamping of the arm ./, on the bqd /. It is 
evident that a singfe turn of the single threaded worm E 
will pass the'Mividing wheel a distance eqfial to one 
tooth. Hence, having'wheels of pqual diameter ,at d and 
C', and giving one {urn to the handle A, wheel would 
be moulded on the ‘ table having precisely the same 
nutnber of teeth as the dividing vfheel. But by employ¬ 
ing unequal change gears to connect the handle shaft B, 
and the worm shaft,and by doubling or trebling or 
qu{idrupling the number of tflrne of the handle, or by 
giving^ to the hantlle some definite fractional portion of a 
turn only,'we*fiaye, as,in the scjew-cutting lathe, a means 
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for establishing almost any number of proportional rela¬ 
tionships between the number of teeth in the dividing 
•wheel F and the wheel to bo moulded. Hence the rule, 
“ As the number of teeth in the dividing wheel is to the 
number of teeth in the wheel required to be moulded, so' 
is the number of teeth in the wheel on the handle shaft 
to the number of teeth in the wheel required on the worm 
shaft.” 

Thus: suppose a wheel of 100 teeth has to be moulded. 
The dividing wheel F has usually 180 teeth- .Tut, say, a 
00 toothed Wheel on the handle shaft. Then:—180: 

100 : 90 :: 50. A wheel of 50 teeth would therefore be 
]ilaced on the worm shaft 1), and one turn gi\,en to the 
handle shaft 7>. Hut supposing wc have not got a wheel 
of 50 teeth, we can multiply 50 hy 2 = 100, and put a wheel 
of 100 teeth on the worm shaft. But then we must give 
livo turns to the handle. < For in any case, if we multiply 
the (|uotient which gives the number of teeth on a 
change wheel on the worfn shaft, we must also multiply 
the number of.turns of handte, or if we halve the number 
of teej;h, we mu.4 hahe the number of turns given to the- 
handle. 

If we are doubtful of the wheels, they mfty be proved 
thus. Divide the number of teeth in the ORrheel on the 
handle shaft hy the numhet of teetK in the'wiieel on the 
worm sliaft, multiply the quotient by the number of 
turns given to*the handlL The jirodhct will be equal to 
the quotient of the number of teeth in the dividing wheel 
divided by the numbeT of teeth in the wheel to be 
moulded. Thus in oqr first example:— 
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Handle Shaft ... 90 

-=1-8x1 turn = 1-8 

Worm shaft.’ ... 50 
' Dividing wheel . . . 180 

-= 1-8 

Wheel to be moulded 100 

The mechanism for actuating the tooth block is as fol¬ 
lows:—The rncliiis of the block is adjusted by means of 
the arched arm J, whidh travels upon the bed I, to or 
from the centre of the table. This is adjusted with the 
screw L, and clamped 'by the pinching screws in its foot 
in its required position, remaining immovable during the 
whole period of the ramming of the wheel teeth. The 
vertical slide K is carried in vee’d guides, which have 
provision for taking up wear. It is actuated by the 
small hand wheel 0 turning the worm P, which re¬ 
volves the worm wheel Q, upoli the spindle of which is 
the spur pinion R, gearing with the rack S attached to 
the vertical slide K. The sj^.de is counterbalanced by the 
weight M. The vertical movement of the slide is checked 
at the proper position by means of the adjustable qtop U, 
so that iihere is no risk of the tooth block being thrust 
down too hard upOn the sand bed. The lower portion of 
the .elide reSeives the carrier N to which the<tooth block 
is attacheif. 

The essential portions of tjie machine^ are therefore 
the firm base H, thu revolving table carrying ‘the flask, 
T, with the dividing apparatus, thp arm J moving radially 
in reference to the table, and the provisions for the 
vertical movement _.df the tooth-block. The tables W, X, 
are simply convenient attachiaeqts for the reception of the 
moulder’s small tools. Wp are now in a position to take 
up the detEt’ils of thq actual moulding of toothed wheels. 
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Spur These ai'e moulded very'simply. The 

teeth are formed with a block, and the arraH*l)y means of 
coresv The block, Fig. 225, in this dase, has two teejh 
only, and the inter-tooth space alone * 

is used in the formation of the mould. 

Three teeth. Fig. 226, or four are often 
used on the block. A bed is first struck. 

Fig. 227, with a board attached to the 
striking bar A, the depth B being equal 
to the depth o^ the face of Ifhe wheel, Pw. g25.— Tooth 
the bottom edge C striking th6 bed. Block. 
the top edge D the top or joint face. ^ 

The striking bar A in Fig. 227 is turned to into the 
bored hole in the centre boss of the table in Figs. 223, 



f 






224. The strap E is bored to fit over this bar, and 
its shoulder* F is cht.tw a definite Mistanoe from the 
centre of the bar, so that the, radius of any striking^ board 
is less than the radifis oi the wheel by tB6 distance 0, 
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The central bar or post A is removable at pleasure. Its 
purpose is, lirst, the carrying of the strap or bracket E, 
and second, it is the part from which the radius of the’ 
tooth block is measured. 

The vents from the bed are carried down to a coke 
bed if the wheel is moulded in the floor, to the bottom of 
a flask, if in a flask. The tooth block is screwed to the 
carrier, set to the correct radius, either by means of a 
strip or gauge cut to reach the precise distance from the 
post of the machine to some portion of the block,— 
cither root or point, and tlie machine is clamped to pre¬ 
serve that distance constant. The length of the gauge 
will be eijual to the radius of the root or point, as the 



Fig. 228. —Hadii ,s (Jaooe. 


case may be, minus the rad|iis'of the post. Or a gauge. 
Fig. 228, may be cut to lit partly round the post A in 
, Pig. 227, and the radius be marked upon that to root or 
point. The radius once obtained, and the arm clamped, 
the gauge strip it no longer required. The block is 
lowered untiUts lower face bears upon the sani bed, and 
then the stop V, Pig. 224, is cir.mped, and all is in leadi- 
ness for the ramming of the teejh. “ 

It will be noticed that the end H of the board in 
Fig. 227 is bevelled. This is not always done, but it is 
a good plan, as is apparent by the sectional view in 
Fig. 229, T/here the- tooth block .is seen in its exact 
relationship to the cireular wall of sand A, iwithin which 
it is rammed up., Space is left between the points of the 
teeth,'and the outer roughly-slivuck-wall of sand, in order 
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to give a narrow zone for ramming facing, an^ strong 
sands into, and the wall is made sloping, because it is 
easier to sweep up than a perpendicular wall, from whfoji 
the sand would tumble down. 

Facing sand is thrown into the space between the wall 
A and the teeth, and strengthened with naih (dotted). 
The sand is rammed between the teeth with a small 
pegging rammer, being, for these small teeth, only' 
a rod of round iron flattened and narrowed at one end. 
When the inter^tooth space ft filled, the sand is levelled 
over with a flat rammer, scraped and sleeked with the 
trowel, and vented diagonally, the 
vents B passing into a main vent 
C, either going down to a coke 
bed, or coming’ out in the joint of 
. the flask. Only the inter-tooth 
space gives the tooth dhape, and 
one tooth spa 5 e or mor^ may be 
rammed at a time (see Fip. 225, pjg 229.— EAMitrao 
226). The hinder part and the op Tooth Block. 

ends •of the block are slightly 
rapped with the hammer previous to the. withdrawal of 
the teeth^ *but there is no rapping in*the sense in which 
it is em^yed with ordinary pattorns. Me pattern is 
simpljf 8(ip,rted, and the btock liftei? without any sensible 
latferal play. .There is, os should be, i^o taper in the tooth 
space, and the sand would therefore become torn up on-the 
withdrawal of the blop^ but for the fact that it is held 
down by a stripper bit cut to the shape of thj inter-tooth 
space, upon which the mbulder presaps the two forefingers 
of his left hafld, while eletating the sli&e with his rigbt.^ 

Having lifted the block (fiear of thfe mould, tjie re¬ 
quisite number of turfis is^iven to^he han^e shaft, and 
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V . ' 

the block thereby carried round a distance equal to the 
pitch. The slide is then lowered, bringing the block into 
a ruitable position for ramming the succeeding tooth or' 
teeth, the process for each tooth being simply a r. petition 
of the first. In order that the outside faces of the teeth 
on being lowered shall not scrape or push aside the sand 
already rammed, taper is given to those faces, as shown 
in Pig. 22G, so that the outer edges of the block do not 
come into actual contact! with the sand at all, or at least, 
only when {inslly in place, the top edge mfiy just coincide. 
Also, to prevent the san'd from tumbling down on the side 



PiQ. 230. 


Fio. 231. 


Section of Wheel Marked 
ps Board. 


Section throcoh 
Mould. ' 


opposite to 'that which is already rammed, a block of 
wood is laid against the tooth block to sustain the sand 
in that direction during ramming. 

Striking boards also are desirable, though not alwkys 
necessary in the case of .perfectly plain wheels. 'But it is 
better to use them even for these., A plain wheel can be 
made by ramming the teeth' round 6n a level bed, insert¬ 
ing the arm'cores, arid covering with a plain top. But if 
a board like Fi^'227 is used\ ilj forms a^wall of sand 
'wi’thin which the facing sand used for surrounding the 
wheel* teeth iS rammed, and it,giv* the exact depth also 
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of the whpel, and the face upon which lhj3 to£ is to be 
laid. Such a board is made parallel, so that a spirit level 
is ti'ied upon the top edge, without which precautioil ^he 
board may become tilted a little, and strike a bed that iff. 
slightly dished. The edges are chamfered like those of a 
loam board. A careful man will mark the section of 
wheel rim and boss upon the board. Fig. 230, and cross 
hatch it as a guide to the moulder. Sometimes a narrow 
strip is tacked on the hoard at the c.vact radius of the 
points of the wheel teeth, ifistead of indicating the teeth 



Fio. 282. Fio. 233. 

BoiKDS FOB Striking Half Shroudings. 


with crossing lines, as in Pig. 280. Fig. ^31 shows the 
mould m section. 

Half shroudings furnisjj the conjmones^’cases in which 
the UBe.of a plain top ifi'not possible. Made in the man¬ 
ner first mentioned, by ramming ,the top on a reverse 
mould. Fig. 232 shows the striking board used, the edge 
A being for the bottotp and the edge B for the top, both 
edges also including the bosses, the positiop of the board 
being of course reversed for the sfparaJe operations. 
Usually oilb piece of Board serves'. thus‘for both., the. 
opposite edges, being cut .to the shJpes required; but 
sometimes separate* boards are,made, the edge B is 
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used first, striking a reverse top on which the actual top 
mould is rammed. Afterwards the sand is dug out and 
the edge A is used, striking the wheel face to the proper 
depth below the top face. The advantage of this method 
is that the top and bottom are bound to be concentric, 
the former having been rammed in the actual place 
which it will again occupy after the ramming of the teeth 
and the coring up are done. In the other method the 
edge which strikes the to]i is like that one which strikes 
the bottom, and. the fitting of llie boxes ensures the top 



and bottom being concentric. Or a check is used, as in 
loam work. 

. ^ig. 233 shows a board used for striking a top mould 
directly, the shape of the half-snrouded wheel being 
marked upon it. Tl/e correspondencies are clear. The 
interior is formed with cores, for which prints are pro¬ 
vided. Pig. £3'4 is a board for a plated wheel in which 
the recessing is swept in the'mquld. Generally, when h, 
wheel is plated, the' plal;p and interior of the rim are 
formed by annular cores made in an annular box. 

When wheels have'to be cast together, as in Fig. 235, 
or in other combinatiohs, they can-be Jiedded in the floor, 
making suitable joltits' for shroudings, and moulding the 
pinibn first. Or they can be prepared in two separate 
boxes, tirhioh will have to be cenired‘properly. 
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When facings are casf on the rim, or on tiie arms of 
wheels moulded from tooth blocks, they ar'e set in pl^ce 
singly by measurement—work that (fan be done by centre 



Pig. 236.—Large Bore formed with Segmental Cores. 

and circular lines set out on the plain bed. The pattern¬ 
maker is usually called upon to do this. When such 
pieces come in the top, there is an advantage in laying 





Pig. 237.—Large Bore and Aius formed with • 
SgoMENTAL Cores. 


them on a reverse .mould and ramming Mie top over 
them. 

The tooth block moulds a ring of teeth only, and tlft 
interiors of the wheels fcave to be formW with* cores. 

• I ' 
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These are made from boxes, and are covered with a top, 
plain or'otherwise, with boss facings bedded in top and 
botjtpm. Usually the H-section arm is employed, for 
wheels made by machine, because it is easier of forma¬ 
tion in cores than any other shape; but any shape can 



Pig. 238.- 'Aem Coee, Pig. 231). —Section op Cobe. 

be made if required. In patterns the J_ type of arm is 
easiest to mate. 

Arms .—The cores for units arc made in dried sand, 
and, set in place without prints, by measurement alone. 



Pig, ?40.-GElii) Pig. 241. Pim 242. 

FOB Aem (Joee. Abutting Coees. Dished 'Aem. 


The.arms of spur wheel? are usually H s}iaped‘in sec- 
‘tion, partly because of their superior strength, but chiefly, 
as stated, because they are rather easier to make than 
arms of + Section or^ section. If aring of teeth only is 
required the* interWr is formed«wijth' segmental cores, as 
iti Pig. 236. Or if-the bore is large and the arms short, 
with two setsMf cores as in Pia. 23)'. 
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k core for H section arms is seen in plafl, Tig. 238, a 
section in’Fig. 239, and its grid in Fig. 240,land-the core 
also in Fig. 231. The core is rammed upon the grid, the 
central part being composed of cinders, the main vent 



Fio. 243. —Boaki) for Rethrsc Moclb. 


.being brought off at. the top. A, into which all the 
smaller diagonal vents pre carried, as well as the veiRs 
from (he cinders. 

Wheels hsving arms*of^+ or J. shape can be also 



Fi*. 244.— Board po^ Swiikino Bed. 


made in cores, but tli6 difficulty is»that these cores have 
to abut and joint against each other, while with the H 
form they ^e keplf asupder by aS a«iiount,equal to the 
thickness of the vertical arm. The joints must abut iShfija* 
the edges of the arn» are ennvex. Fia. 241 >*lap, vdiile the 
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top and bdttom faces of the cores for H arms al^Pays 
lie in tiie s4me plane as the faces of the wheel teeth, 
tho^e of the other 'sections usually do not. A special 
b6d and cope then have to be struck, and cores shaped 
to correspond. Fig. 242. 

Bevel gears. —Fig. 243 shows the method of making a 
reverse mould' for a level wheel, where A is the board, 
swept round over a hard-rammed bed of sand, B. The 
edge C coincides with the top edges of the arms, and 
therefore with_the top face of the cores^ of the bevel 
wheel, and D is the joi'.it face dividing ihfe' cope from 


I • I 

t > 



Fig. 240.— Board fob Sjeikikg Cope Direct. 

the dra". Upon this bed, the board being removed^the 
Ibp or copd is rammed, parting sanU intervening—being 
littered and tented <precisely as though it wfer^ being 
rammed upon.a pattern. This is then taken av.ay, and 
after fhe wheel is moulded afid cored up, is returned 
finally into position. • ' ' • 

On the removal of jthe_, cope, the sand which formed 
the reverse mould is dug out, and the board for striking 
the lower face, and coresponding with the tooth points, 
is attached t«J the strap and slipped, over the bar. Fig. 
244, the^ edge, ^,'.fcoinoiding with \;he joint face, D, 
aJjieddy struck by ,the previous board, and the bottom 
sand swept o«t. The tootfi Ijlod? is then attached 
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to the carrier and set in position, and tfie* ramming, 
nailing, arid venting proceed generally oh the same 
•methods as those pursued in the case of spur wheg^s, 
modified only by the bevel form. The alternative 
method of making the cope by a direct process is as 
follows: The centre pillar always has a movable collar 
fitting over it, seen in Fig. 244; this collar is set and 
pinched in such a position that its top face coincides 
exactly with the top or joint edge of the,flask on the 
table, as checked with a straight edge. Tl,>e boards, bofli 
for striking' the cope and the drag, have strips nailed 



upoi^them, sometimes one strip only, sometimes t gcr,*^ 
the distance between fhe strips in the latter case being 
equal ta flie width of the strap, and the inner face of 
one stri^ coinciding with the joint edge of the mould. 
Figs.*245, 246, show the tw’o boards) Fig. 245‘Btriking the 
cope direct. It is clear ^haf the collar remaining in the 
same polsitioVon the post, the jpint Taces, yl, .4, of cop( 
and drag will coincid,e, if the fittings of the fiasks am 
post are perfect. In work of this hind the flasks hav 
properly to be turned and checked on their* joint facei 
specially foEi* wheel Ingulding, but itffthe method firsi 
described any flasks can bemused, and«the wheel can he 
moulded in the floor^hsi^ as well as on a* "table. When 
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vheels are'iiiojildod in the flooF the firbt method is < the 
miy one. which can be adopted without risk of a crush 
)r of finning occqi'i’ing. The cope being rammed in 
)l*i,ce must, when the mould is closed for castino,, make 
k perfect joint with the mould in the floor. 
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MISCELLANEOUS ECONOMIES—WEIGHTS OF CASTINGS 

One of the duties of foremen lies in scheming other ways 
of working than those which are regular and commou 
place. Occasions arise when’, for economical reasons, i: 
is desirable to get away from these and adopt othei 
methods. 

The question of numbers of castings required all alike 
or nearly alike,, generally determines in the main th( 
methods of the pattern-maker. But dimensions also 
whether large,' small, dr medium, have to be considere( 
as well. So also hav^ shapes, whether irregula^,r^ 
regular; as circular, v'iiich is admirably suited fo 
sweeping up; or rectangulfcr, for skeleton or sectiona 
framings; or irregular, which cannot be so well treated 
ThesI things explain ijhy the ideas of different*m 0 n 
so much to the most suitable methods (A moulding 
and of t\B amount of assistance which slmuld be give: 
to the moulder by the p^tern sh«p, havp^ regard t 
the relative expenses of»each department. Broad view 
and due.balarveing of costs are therefore requisite in th 
conduct of these departments,‘which should never h 
regarded as having isolated interests. 

As there are several alternative methods of workin^ 
to achieve the same Jesuits in the ultimate forms of cast¬ 
ings, we wilf consider "the broad diviaons of wcJrk >ue 
now instanced, thosejjf numbers off, aibng with tjjiose c 
13+7 I 
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dimensions and oi sbapes, since neither stands In a 
state of isolation from the others. 

( The usual methcfd when numbers are required all-alike' 
is to mould from complete patterns, made exactly like 
their castings, save for core prints and cored portions. 
And as the numbers off increase, more care is bestowed 
upon pattern construction, either in regard to the char¬ 
acter of the wood work, or in the abandonment of wood 
for metal, and also by pressing into service the aids to 
be derived from mechanicalr methods of njoulding. 

In the pattern shop tiie difference lies in whatever is 
included in the terms roiu/h patterns, and standard pat¬ 
terns. Tl^is means a great deal in extreme cases. A 
rough pattern may be broken up immediately that it is 
done with; and when that is the case, not a penny more 
is spent on it than is absolutely necessary. More work^ 
j)f course, is thrown on the mqilder, who wilt have to 
riic* his fillets and the print portions of the cores, and 
will often have to work with ^weeping boards or skeleton 
coreboxes, or with no boxes at all. Some parts will be 
■made ^st, instead of being dowelled, and the work wjll go 
into the loundry unvarnished, arid without rapping or 
lifting plates'. • ‘ . 

On^the other hand, a standard pattern in its oest form 
will be perfect in dimensions 'and in finish. All fillets 
and radii will be put in, corfes w,ill fit then* prints with¬ 
out, rubbing, every'«orq will be made in its 6wn box 
’ ready for use, loose pieces will he , fitted where there is 
the slightest risk of the mould breaking down if they 
were fast; ahd they w/ill be so fitted, and the cores also, 
that it .will be quhb impossibletfor a' carelesc moulder to 
■"'•it them in any but their correct positions. There will 
will be' no -exciise for a moulder; to'drive his bar or spike 
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into such a pattern for rapping and lifting,' foi^plates or 
straps will be provided where required. Care will be 
'exorcised in the selection of timber, which will be p/»- 
tected with three or four coats of varnish or paint, well 
rubbed down. 

Between these extreme cases most patterns are made. 
Besides these, metal patterns are substituted generally 
for wood in small standardized articles, and in machine- 
moulded work. * , 

But as there ,are many classes of jobs which are never 
repeated in large numbers, here the debatable ground 
lies. These include all engine cylinders of Jarge dimen¬ 
sions, large fly-wheels, unusual sizes and shapes of 
columns, pipes, and bends, large drums for winding and 
hauling, big pulleys and shelve wheels and toothed 
gears, either of which • may be made in one of two or 
three methods—namely,ifrom full patterns, or in coro,v 
bination methods by the aid of sweeps in green samfor 
loam by the aid of fractional pattern parts, or of moulds 
in conjunction- with such portions or sections of patterns 
and aoreboxes that do not lend themselves to^matho^ 
of sweeping up. The’mere mention of tljese items will 
call up ta the mind of a founder nuAerous alternatives 
possible ia the production of a mould. ** . 

Dimensions, we said, determine* methods of working 
to •a large extent. Thus, methods which are practicable 
with casfings measuring from a few inches to 3 ft. or 4 ft. 
across are often unspitable for those of larger sizds, 
either for economical or other retfeons. But in con¬ 
junction with dimeasions, shaped"^also exeircise much 
controlling influence* ip 4he choice ot methods* Apy 
symmetrical article, no matjer how laitge, suggests af 
once the employmenff hf «weeping_ up, for*fvhfcti either 
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green sai'd, or dry sand, or loam, are often equally well 

adapted. And if an object is not wholly adaptable to 
Jllis method—as,'in fact, few are—then it is alv,'ays 
practicable to utilize pattern parts or cores to complete 



the work, whether done in gre^n sand, loam moulds, or 
patterns. 

Alternative methods .—The aSternative methods, there¬ 
fore, of the foundry may be* very broadly classified thus: 
Complete patterns made in the ordinary way for hand 
moulcliny. Complete patterns in which mechanical aids 



Fig. 248.— Svbickle. 


are utilized. Work which is mqulded without complete 
patterns, which in'cludes skeleton patterns and moulds 
taken from' broken castings, as frell as swept work. Also 
a largo claSs of moulding made t’-oin segmtotal patterns, 
'■'and s,eotional psStterns in w.hich a combination of several 
methods ’is “utilized,,such as -paflfem parts, sweeps, and 
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cofeboxef together. Lastly, there are devlce^for making 
moulds differing in some respects from their patterns, 
which includes alterations of certain details only; as of 
patterns in some degree standard, to which supple-. 




Fio. 249. —Strickle and Frame. 


mentary parts may be fittfd, or in the moulds, in which 
stopping-off is done; or both devices may be effected jin 
the^ame^mould in ciinjunction. 



- • ' • 

Fia. 250 .—Steicklino*a Curved Plate. 

In any of the methods of moul(*ing, in yfhich a com¬ 
plete pattern is dispensed with, tHere is a larger element 
of risk present, thal qf imaccuracy, than thei-e ia whpn a- 
full pattern is employed. This arises in all work that*if 
either swept up, or 84arjfed out on sand heds^ or where, 
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pattern psHj'ts are bedded in green sand or ip loam, or 
attached to loam patterns. These risks the pattern¬ 
maker is expected to foresee and guard against, and to 
accept responsibility for, even though the carrying 
through of the work lies in the moulder’s hands. As a 



Ficj. 2.51.— Epcjes of a Cobebox cut fob Stbicki.ino. 

general rule the pattern-maker has to spend some time 
in the foundry, more or less, duiyng the progress of such 
either marking out centre lines, or measuring-in 
parts, or checking the niould^at'fcertain crucial stages. 



' «• * * I 

Fw. 252. —Edobs-of Box <?0t foe Steickehjo. 

SkeUUm Frame*.—Tak? a large plated casting, with 
or without flanges, say for fi floprplate, a backplate, a 
tankplate, or, a buokleplate, to be moulded from direct; 
or for making a mefal pattern'from for moulding ir 
quantity. Ih8tead‘'of battenii^ -up narro'# boards tc 
make p, continudus large area of, say, 4 ft. to 6 ft 
equftre, a. frame only i^ made, fig. 247, of narrow strip 
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5 in. or 6 in. wide, the outSde dimensions ahd yhe thick¬ 
ness only corresponding with those of the casting. 

The interior of such a frame cannot'be rammed on, ee 
a solid-plated pattern can. So it is filled with hard-rammed 
sand, strickled off level with the top face, and the top box 



Fjg. 253. braicKLiNG a Sand J3ed for Pattern 
* OR Core. , 

is then rammed on that. But if such a frame is used for 
an open sand mould, as many foundry plates ate made, 
it is not filled pp. A strickle like Fig. 248, having the 
depth A of its notch equal to thj thickness of the plate, 
strickles oUt tl sand leVol and true with the bottom face 



,Pia. 254. —Levelling a Bed. 


of the plate. Fig. 249. ^On the delivery of the frame the 
mould remains just as tfiougfi a solid*plated pattern had 
been used. , • * ‘ ' 

And if the pkte shohl^ b« curved (Fig.* 250),as, say, fpr 
lighthouse, or tubbing plates,^the frame»can be made as" 
shown, and the stricifle ^surved to correspond. Qr a 
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straight {striUkle can he used, sweeping in the -other 
direction, 'rhe illustration is given to show that a strickle 
i 3 >sometimes curvbd; it is sometimes also of an irregular 
shape, as straight and curved in combination. 



FiS.' 255. —TmcinrEssiNO Facin*. Sand. 


Strickles f.re used thus in corchox '*ork as well as in 
stopping' down moulds or portions of the same. The 
curved face of a core can be obtained by strickling round 



Pig. 256*.— Sweeping a Level Bed. 


the edges A, A of 'Ae box 'in Fig. 251, just as well as by 
cutting a feonoave bjpck of wood expensively, and fitting 
>it in* the box. can the edg^ of the box in Fig* 252, 
while a bed for*the pattern and core can be strickled as 
in Fig. 258^. 
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LeveHjnj Bcrfs.—Leverbeds are in constji^ request, 
either for laying flat patterns or portions of patterns on, 
•the -edges of which are then ramme'd around, also Xfff 
bedded-in work, or in some cases for ramming plain 
tops on, or tops on which otherwise plain facings, lugs,' 
brackets, or prints have to be measured on and set ”to 




be rafhmed over. Such,{)lain levfl beds are variously 
ma'de. 


•A frequent method is to lay.‘two parallel strips* or 
straightedges in the saqd, bidding them down with the 
mallet, and testing with spirit levef along and across, 
and with parallel strijs.Fig. 254. Tihep.the top edges of 
the strips embedded in. tRe sand become guides* forra 
straightedge or a plain striqkle by whfch^ the sand is" 
levelled. At the samf’tii^p venting and ramming will 
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be done foi'ni a firm, suitable bed for moulding on. 
The black fioor sand is treated first, being rammed, 
vented, and stricklfed level with the tops of the strips, 
and then, if required for a mould, a layer of fac-ng sand 
of about an inch in depth is rammed on this thick¬ 
ness, pieces being put on tbe straightedges as guides. 
Fig. 255. If the bed is only for ramming a top on, the 
facing sand is not wanted. 



Another'way to make a bed is to utilize the 'centre 
which is employed for striking bars, and bolt a plain 
strickle to it, taking- care to level it properly. Fig. 256. 
Foundry appliances are made tjius with little or no 
assistance from the‘pattern-maker by the aid of strickles, 
straightedges, sweepp, and plain'tbicknesB pieces. Thus, 
a .circular “loam w core plate can be swept up as in 
' Fig. 256, with a'board notched, as shown at A, fastened 
te the striking bar. An alterrat'ite method is to strike 
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t! K I 

a plain bejd by the method of Pig. 254, %h(& form the 
edge by means of segmental cores, Fig. 267*, made from 
a bor like Fig. 258. If lugs are wantSd for lifting slings. 
Fig. 259, they are cut out of the cores, or blocks of wodd 
are bedded in if the plate is swept up by the board in. 
Fig. 256, A. 

When smaller plates are wanted, as for core plates, 
Fig. 260, the moulder borrows a flange from the pattern 
stores and bods it in in open s*and, cuts o^’ some round 



Fw. 260. —Coes Plate. Fig. 261. —Rammijig Enifc'’'*'* 

* * AGAINST A StBIP. 

. • • 

« 

cores, and weights them down, and^so males his ipould. 
If mstny plates are wante’d, he has a few'iibn patterns 
ofvarious sizes made and Irang up in the foundry for 
Stock service. . • • 

Rectangular frame§ for foundry use, as for back plirtes 
of boxes, core plates, etc.,* are mdfle without even the 
wood framing of Fig./247, by levelling "a* bed by the 
method of Kg. 254,* apd .then marki!;^ ontihe size pd. 
shape of the frame, and ramming thip edges against ’if' 
strip of wood. Pig. 261, pf the same thictihess that the 
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plate ha8|to' ‘be. The edge ol a circular plate cah be 
rammed' with a piece having a cui veJ edge, Fig. 262. 

^Plates for loam work, and core plates like Fig. 260, ■ 
afe gaggered over without aid from the pattern-w aker by 
sticking some stout nails into a handle, Fig. 268, and 
pushing these into the sand all over the surface required. 

in Crecnstmid .—In the simple strickle or 
sweeping board the moulder has the most valuable 
economical aid. There aCre, however, limitations to the 
use of striking boards in t greensand work. It is im¬ 
possible to strike up vertical faces, whether deep or 
shallow, in greensand, though this can be done in loam. 





Fig. 262. —Curved Strip. *PiG.*2r)3. —Cagger Pattern. 

<iV yerfical face of any depth can be swept truly in Joam, 
provided the rough coat is allfiwed to set* before the 
finishing coat'is laid on, and the latter is*k 9 pt thin. 
But greensand is too loose to hold together, and it will 
fall down frdm a perpendicufar face; and this must be 
borne in mind when scheiMinglmethods. It limits such 
woiik to surfaces that .are horizontal, o'r of inoderate 
slope or curvature, beyond which ramming blocks must 
be used in conjunction with the striking boards. And 
the alternative of loaln must not b^ rashly resorted to iit 
'djl ca^s, bccaust'loam is mcsre.cdstly than greensand, 
tdue to the detailed labour of bricking, and to the cost of 
do-ing. 
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Another useful functicta often fulfillech sweeping ’ 
boards is tli'e preparation of faces, either toMaypatterns ■ 
'on, or to ram top parts on. If we have a flimsy pattern 
to mould by bedding-in, it will be next to impossifte 
to ram up such a pattern truly by beating it down and. ; 
tucking the sand under. The general level must be swept 



Fig; 264 —CoiftiENSEE Coveb. 


up and the pattern laid on this, and apy projections 
or recesses be then attended to in detail. , 

The device of sweeping up a bed on,which to ram a 
top has two advantages, besides the saving o^ cost in 
■patternvVOrk. -One is -that the top is bound to go back 
into exactly the same j»osition relatively to the bottom 


c 



i'lo. 265.— Sweeping the Mocip. 

' . •’ •’ •• 

fer pouring. Another ?s, tjiat small pattern parts, as 

facings" lug*s,* bosses, efc., can ^be .measured in position 
exactly on the swept-up dummy mould better than they 
can be measured info tlfe actuaJ top. We will take 
V. examples illnstratin.g the preceduig remarlss. 

The condenser ecfver, fig. 264,*ls sjrept jp greensand, ^ 
Fig. 265, in preference to making a Ijrge solid'pato??'* 
If the outside of tlw condtenser were tamed bright, it 
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would be mdde the opposite wily down from that shown 
in the drawihgs. 

Two boards are necessary, one, A for the outer, the' 
other, B for the inner face, both being attached to turn 
on any convenient centre C, such as that used for loam 
work, or for wheel moulding. The board A for the top 
is used first, and having formed a dummy mould J> 
with it, the top box is rammed upon this. 

The question may be asked, Why not strike the top part 
direct with a Vpard shapedi like a loam hoard—that is, 
cut the opposite way ttf A 7 The answer is that when 
greensand is being rammed it is easier to ram it wholly 
without combination and interference with the work of 
sweeping up. Another good reason is that the top being 
rammed in place, goes back exactly right, guided by 
the stakes by which it is set on the lower, mould in the 
floor, or by the pins in a box. f 

After the top has been rammed and removed, the 
bottom E is swept out with ^t/ hoard B. The shoulder 
F, though shallow, will have to be made good with a 
sweep. ^ 

Tile moulding of fly-wheels with wrought-ilon arms, 
in the absencfe of a fiill pattern, requires two bba»ds and 
a sweep. The*.latter is of the same section as'-the rim 
of the casting,*-besides,which fticarries arm bossed and 
boss prints (see p. 170). 

Moulds modified frSm Pfltterns .—In nearly all shops a* 
good deal of makeshift work is done, It includes altera¬ 
tions in the depth of‘teeth o) gear wheels, in rims, in 
thicknesses, fti' hubs, in the casting of wheels of dif- 
ff^pnt kjnds and cKlnensions toget^eV, and many other 
^ariers. Some alterations can be effected in the foundry 
without'alterations in the patteii'i.' • 
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Changii^Depth ofPatferns .—Suppose it oftin happens 
that a gear wheel has to be cast either shallower or deeper 
than the pattern wheel. In the first c&se it w'll be stopped 
off; in the second, drawn. The pattern, therefore, wo^d 
not be cut in the first place, nor increased in thickness 
in the second. But drawing and stopping off affect 
other parts besides the teeth. Obviously, if a pattern 
is. drawn in the sand, the depth or thickness of arms, 
ribs, and boss.will be increased by as mucl^ as the teeth. 
If it is stopped, off, the depth or Ihickn^s of these will 
be reduced by as much as thb teeth. This in some 



caaes involves a good deal of work to be done all over 
the jnould—so much, in fact, that if several cistjn^s, 
altered thhs were wanted, it would generally be cheaper 
to make a’ new pattern, or to have "the wheels moulded 
by machine. We will take the two, meth(fds, ani show 
in detail what has to be done in each case." * 

• t 

’Stopping 0^.—Take % wBeel of the commonest type 
moulded from a complete patteru, one with arms of 
T-section. Say the jvheel is ^ in. deep and it has tef be* 
stopped off to 2J- in. The first thin^ is to make a small 
strickle. Pig. 266, l,,and in perspective’in Fig. 267, 
which after tiie wheel ha» been rammed up itill, an b§iiJ5i 
worked round from its upper face all around the teetlff 
form a new joint ffice ^ in. below t^f*made by the 
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pattern. !io Mr so good: but 'then it follows that the 
arm mould'is still i in. higher than the new joint face. 
Either the arms mlist, therefore, be cut out entirely, 
an^ a new pattern arm moulded by bedding-in, or the in- 
terior must be wholly formed anew 
by means of cores; or alternatively 
' the wheel must not be strickled on 

the top face, but on the bottom, 

^ before it is turned gver, and the 
\!Q: . . V.- vertical arms must lie stopped off. 

Pig 267 _ UstN <3 a '■*■*’*” s>'l"xiys the better plan 

Strioklk/ to adopt in the case of a wheel of 
, the type shown. Fig. 268, therefore, 

shows the stage of moulding at which the strickle is used— 
that is, qfter the ramminfj up of the wheel'in the bottom 
box, previous to turning the latter over to take the- 
cope. It necessitates, however, a/hrce-part flask, because 
nowthere will be two joints at a and at h respectively. 





Fi6. 268.— Stopping »«■' a VVhkel. 


instead of one at b only^ as.in the ordinary way of moulding 
such a pattern. The sloping joint at n is now strewn with 
parting sand, and th6 second portion of the box, a bottom 
part, is put oh and raihmed over it.. Then the mould is 
^■fttfrned <}ver, ihe co^e put on thecjoint' face 6, and rammed, 
'Tmd removed (it has been only temporarily rammed in 
Pig. 2C!i); the'pattern drawn, apd'die boxes parted at a. 
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Fig. 269 shows the bottom part of the monfd ^ it appears 
at this stage. Now all the tooth spaces c, whithr of course, 
are .J in. deep, are filled up with sand level with the 
joint face. Also the supplementary portions of the rtbs_ 
are filled up with sand to the dotted lines and made = 



■ Fig. 269. —Stopping’opp a Wheel. 


good with a pattern rib. The hub also is filled up with 
a pattern boss. This completes the stopping off, which 
is done neatly and with comparatively little trouble. 
Pattei:n of^ Plaled Type .—ff the pattern is a disk or 


plated type of wheel, J'jg. 270, then it is unnecessary Jo 

interfere with the disk at all. But _ 

the disk will be out c< Aj^tre in the j 

slfailower wheel. In the event of ' ° 

this being considered objectionable, 

it is pratticable to Strickle down a —? 


new jejint from each tooth face, th« 270,— Stopping 

depth* ol each being equal to half •jfj, ^ 
the'^otal reduction reqpfred. TJjSn • ‘Wheel. 


HI the‘bottom the sdppl^entary 
.portions of She teeth would be^fiH^jfl up with sand jn the 
way just noted, and on tlfB top the cope would be 
lowered on the new *j6int formed directly by the strickle. 

Drawing. —Coming.next to the workVif drawing a 
wheel, and jnakin^ use ^f the samtf.'examples as be^Mjj. 
the ramming is done In the usual way. The wheel is’th^ 
rapped and withdranm. ^Tffe distance to which if is with- 
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diWn at tV'is* stage is equal only to the increased de^th 
required. Tue exact depth is best gauged by means of three 
or four thickness strips A, Fig. 271, laid on the joint face 
of the mould close to the pattern. The ramming is now 
continued up to the top face a of the wheel. At this stage 
th’q cope is put on and rammed, and lifted off. Then the 
pattern is withdrawn wholly from the mould, leaving the 
teeth deeper than the pattern. It often happens thqt 
some slight fracture of the sand will occur in doing this 
work, and then three mendmg-up tcetji are made and 
used of the total depth of'the drawn teeth. 

Ohjcctionahle Results .—The flat arms obviously become 


Pio. 271.— DbawingOa Wheel. 


increased in depth by this opfiratfon, and a single stqp- 
ping-off arm. Fig. 272, is made and used to reduce the 
^buldei* a^ms to the right thickness. The surfaces of the 
mould are hatched over with the trowel, and the pattern 
arm being put in pldce, sand is tucked underneath and 
made qp good fo the under-face of the pattern arm. The 
bub is similuriy treated. All'this is troublesome and 
tedious, and makes much mtsss ^ the mould, especially 
at the junctions of the separate arms with the boss and 
with the rim. 

In the case of a pt'ated wteel drawn, the surface of 
the moulded plate is ihade good with sand to its proper 


^ffeknesp. “ 1 , ' 

'''Broken Castings .—These tu'e frequently utilized for 
moulding froni,'" instead of making'expensive patterns. 
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Customers sometimes expect a moulder‘to *j8o marvels 
with a broken casting. They sublimely'ignore such- 
"matters as delivery, roughness of surface, recessed por¬ 
tions, holes, shrinkages, and the rest. All they can lay 
is that they want a new casting without going to the 
expense of a pattern, and the moulder is expected, lo 
furnish it. 

. Almost any casting can be moulded from, just as 
almost any pattern can be;' but the question always 
arises whether it pays, having regard tc^ the amount* of 
work required to make it 
mouldable, an(kto the extra 
time occupied in the mould¬ 
ing. These, together with 
the numbers‘required, de¬ 
termine, the alternative of 
moulding from old cast^gs, 
or of making new patterns. 

The question is a ver)»vfl<i| 
one, especially in jobbing Pig. 272.—Aem fob 
shops, and it can only be Stopping off. 

settled after a considera¬ 
tion ottlfe pros and cons in every ifldividual case. These 
includ’e»the nature of the surfaces, the presence of 
broken parts, shapes suitable or.otherwfte* for delivery, 
fhcluding coring, how to Jpint, shrinkages, the amount 
•of wear wh*cli a casting has stigtaiSed, facility for getting 
it out of the sand, and allowances for tooling. 

The first thing to*do with a (Jasting to be moulded 
from, is to clean it thoroughly, Jhich is* generally done 
by making it redhbtjna clean coke*flre inordqj- to^hffft 
off all grease, oil, and dirt. When cold it is brushed wkh 
card wire or rubbeihViliJi emery cloth, afifl is then ^ken 
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in hand bj^'th'e'patternmaker to'prepare it for moulding. 
We will note the points to be attended to in various 
castings by some selftcted examples. 

Fig. 273 shows a double bracket fractured at F. This 
can be moulded from very well without making a new 
wopden pattern by having a corebox to take out the 
interior space A, using a print for the purpose as shown. 
The thickness of the core wilt be the same as the width 
B, but the length C and Width 1> of the print are unim- 



Moulding fkom. 

portant so long as there is sufficient* bearing to carry the 
core without cfushing-the edges of the bracket mould. 

Frequently thre bolt holes are wanted cored. Pecket or 
drop prints have to be piit on at' E, E to core these. The 
prints may be secured sometitjtes by plugging up the oU 
holes with wood and hailing the pocket priiits to' these 
plugs. If this is not sufficieht, small holes may be drilled 
in the casting and plugged with wood to receive the nails 
from the print6. Round' prints F, F will be driven into 
^^boles in the bosses, giving | in. p,ltDwance'for boring. 
'The moulding will,, be done with the bosses in bottom 
and top—that is, as the right-hapd 'figure lies—and the 
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parting in the' mould will be along the ^ce of tWe' 
print A. A corebox (Fig. 274) will be made't.^ fill up the 
impression of the main print for coring out the space 
and the small facing bosses will be put in the core, ^he 
thickness B of the box corresponds with the thickness B ■ 
of the print in Pig. 273, the length C with C in that 
figure, and the width D with the width 7). The time 
saved is that of making the whole of the pattern proper, 
omitting the print and corebctx, which would have to be 
done if a new .wood pattern.was ipade. ^' 

With regard to shrinkage, if* the height of the casting 
from foot to centre is im¬ 
portant, then it is usual to 
attach a thickness piece to 
the face G of the foot, to 
allow for shrinkage, i, nr> 
or J- in., as may be required. 

In small patterns sufficient 
allowancemsyoften bt,»gAr|n Pia. 274.— Cobb Box foe 
by extra rapping. Bbackbt. 

Ikoken castings are gen- • * > 

erally vafnished before being moulded. Vertical faces,'' 
if rou^h,‘’mu8t be smoothed wnh^a fire;'the flat faces 
negii not be. If the vertical faces are vary rou^, some 
beeffwax may be worked m and sinoothed*ower, or finely- 
powdered chalk mixed with, varnish, and when hardened, 
•glass-^pere^ and varnished. ,Theke applications,fill up 
the hollow parts of .the rough* surfaces. • ' 

Fig. 275 shows how a broken pipe bend is prepared for 
moulding from. The .ends are pldgged witB round prints, 
and the bfoken p’arjs «,re laid to^tfther -in t^e 
without any fastening, the moulder geeiuir that thev JoL 
not shift during ra&'muig. 
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' Fig. 276i'fehows how a commo”.! rope or sheave pulldy is 
prepared* fJtr'moulding from. A block of wood is fitted 
roughly to the interior of the groove, simply to assist in' 
steadying the print A, which is fitted against the edges 
of the pulley rim, its thickness coming flush with the 
outside of the rim on top and bottom. This sweep is 
worked round the rim, being kept level by the small 
battens, and rammed in successive stages, so forming a 
print for seemental cores, •by which the interior shape of 
, the rim is produced. Be¬ 
fore any of this is done, 
the arms Rre rammed up 
in the bottom and top, a 
joint face being formed 
flush with the top edge B 
of the rim. Then after that 
th^ sweeped print A is 
worked round, and when 
^t]!.e<';ores are laid in they 
Flo. 275.— Broken Pipe pee- come flush with the joint 
. PARED FOR Mouidino. facc, which lies oujaide 
' them'. The corebox is of 

the same seetibn aa the interior of the rim; pj.us the 
added space ^ojuired to fill up the print impresRidn. 

A point that is ver;? essential when taking meulds 
from lu:oken castings is that the parts must be laid 
accurately in their .relative positions for ramming; 
Btraightedges, winding strips, and the rule must be used 
to test this. It is easy when ramming a fragmentary 
casting in the, floor to get the parts out of truth, and so 
4 Pake crooked aniwiridiug casjiingss In many cases a 
I'^avelled bed of sapd will afford accuracy to the pieces in 
i)»e plane. If .the work is ndt ’absolutely level, but is so 
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in the main, then the level’hed of sand is necessary, and 
holes are (lug in it to take those parts tfia;t project 
bej'ond the general plane. ' „ 

Among the simplest castings that can be mouldedf 
from are bearings of ordinary kinds. The only difficulty 
is in adding the due allowance for machining, as boring 
and facing. In very small work a slight increase in the 
size can always be made by excessive rapping. Or a care¬ 
ful moulder can scrape out the iflould a little larger with 
his trowel or cleaupr, with os witliput the ,aid of thick¬ 
ness strips laid in the portion to ho machined. The safer 
way, however, is to line up the portions which have to 
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be fac^d with sheet lead, or with thin leather or 
and this muet bo done iti many jobs. The linings need 
not necessarily be fastened to the castings, tf laid against 
them in fli# mould that is sufficient. * - „ 

A common belt pulley, v;ith singly arms, dtui be easily 
moulded from. The allowans^ for turning is givefi by 
laying thfc Ifcftps of wood around.the rim, and the 
moulder, guided by the thickneSs of these, scrapes out 
the mould so much largdr tiffin the broken casting. But 
a wide pulley, with double arms, ‘cannot ‘fife moulded 
without making a corebox tp take* out tte spp,«e between 
the arms, though all the rest will deliver freely. It would, 
however, cost less to ni*,ke a*corebox than* to ma& aij 
fin 
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entire pmlej^'pattern. But nikny shops keep pulley pat¬ 
tern rmgfi and sets of arms of all sizes, ahi then it is 
cheaper to mould* from one of these than to make 'll 
corebox for the broken casting. 

, Using broken castings as patterns frequently gives 
more trouble in making sand joints than if wooden pat¬ 
terns were made. Speaking very generally, the joints in 
pattern and mould coincide, with some slight variations. 
But all brol^en castings are destitute of any joints, and 
then there must ba. the alternative in some cases of 
using cores, in others' of making sand joints, and lifts 
against face^ frequently vertical, with wansequent tearing 
up of the sand; or drawbacks may be used. Thus in 
Fig. 273 the sand must be lifted away from the vertical 
faces ?,bove the main core print A. In' a pattern these 
portions would be left loose. The wood pattern for the pipe 
in Fig. 275 would be jointed %long the centre. Moulded 
from the undivided casting, portions of the top sand are 
bound to fracture, so that work is thrown on the 
moulder in mending up than when moulding is done 
' froirn properly j ointed pattern s. , 

When allowances for shrinka'ge are exce(ssive, due to 
the large ctimensions of a casting, it results .in undue 
thickening- tip of the parts—the plates or iflanges—to 
which thd thickenirg piece's >Me attached. Sometimes 
this “does not matter, but,'6ften it is very objectionable, 
as-in the rim of'a light pulley or the ‘flanges of light 
plates. The due proportioning, of metal is interfered 
with, and in somd* cases fracture is liable to occur. If 
such is the "case, then the broken work must not be 
‘moulded from. ’-Sand can be rcijaped away without much 
difiSculty, bat it is very .troublesome and unsafe to put it 
on in quantfliy in parts of a motiM. It can only be done 
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by hatchinjj up the surface, moistening wftt 4e swab, 

and if the substance is sufficient, nailing also.' Aen, after 
all, there is risk of scabbing or washirig away of portions 
of the added sand. So that, unusual cases apart, the work 
of the moulder is restricted to scraping moulds, mending-, 
up only being done where the sand has broken down. » 

Often broken castings are also worn or corroded badly 
in places. Sometimes the moulder can make tjiese parts 
good by scraping the mould; but as a rule^he pattern¬ 
maker takes charge of this, making good rfhe worn por¬ 
tions with wood, nailed or screwed to plugs in drilled 
holes, or cementett on, or simply laid in place next the 
casting in the mould. Small parts also broksn off are 
lost, and then the patternmaker has to supply them. 

There is therefore more in this question of ulilizing 
broken castings- than appears at first sight. A foreman 
must be able in any giv|n case to determine when old • 
castings should be utilized, or the alternative of dew 
pattgrps followed. The Aviob is often highly economical; 
in other cases it is expensive and unsatisfactory. 

Burning uii. —This signifies the mending of iraoitwed* 
castings, or imperfect castings due to incon\plete running, 
by a profess of autogenous soldering* of metal to metal. 
It is apip'^ this, that sufficient molten meldl is peured 
over the .surface againsjf which Mie union'has to be 
effected untij local fusiop Hks taken place. Then the 
pffuring i»stopped, and the casting isf afterwards as strtmg 
there as elsewhere. The, danger is lest the lockl increase 
in temperature should cause fracture of th| casting to 
occur in the vicinity. • , 

Hefore com&encing te bui... uu, .uo iDmjioaKju- 

in the drying stove, brought ,oui;, imbedded in th^ floor,* 
and the particular loSalit^ where fpsion is .to take 
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place is lieatea witu rea-noc weigms piacea ip proximity 
thereto, i'his is done to diminish risk of fracture. San.^ 
Of loam cake is bu'ilt up around the spot where the new 
portion has to be burned on, and is shaped into ..he par- 
J;icular outline required. A gutter or channel is cut lead¬ 
ing away from this. The molten metal is now poured 
gently and slowly over the fractured surface, and al¬ 
lowed to rpn away through the gutter. The heat of the 
metal soon jjroduces fusion of the surface, and when the 
moulder learns by trial with the end of a rod that fusion 
has taken place, he ceases pouring. To burn on only a 
few pounds of metal several hundredweights have to be 
run over the surface into the gutter. This is broken up 
afterwards. 

Weights of Castings .—only correct way of calculat¬ 
ing the’weight of metal in a casting is to cotopute the 
• number of cubic inches which itrvill contain, and multiply 
these by a number expressive of the weight of a unit 
volume of the kind of metal esem The latter is the cubic 
inch—only in very heavy work is the cubic'foot employed. 
•Tbr follojying table gives the weight of a cubic inch of 
the common ipetals and alloys. 

Weight of ^b. in. 

Metal A Alloy, in lb. *voir. 

Cast iron0.263 * 

Wrought irop . .x' .^ 0-28} 

Steel . . .0.282 

Copper . . . . 0.3225 

Brass . . *. . 0.3037 

Zinc*'. . .• . . 0.26 

.Lead'. . *0.4103 

, Tin . ‘.. . . ^. . . 0.2636 

Mercury,. ... . , r. * . . 0.4908 
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As an example of the first, tak^ajcommon fank plate 
(Pigs. 277, 278).* The detail#of this are wholly reotangui.* 
lar, and it is only necessa^ to ipultiply length by breadth 
•>y thickness of the various dptails, as^follawa* 
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In estfbating weights it is well to set dpwn all the 
details m*'a weight book, in ink, for future reference,^if 
required, thus; thfi quotients in cubic inches being added 
as reckoned subsequently: 

Cub. in. 

A 1 plate, 4 ft. X 4 ft. X i in.= 1440 

B, B, 2 flanges, 4 ft. x 2i in. x f in. . . = 180 ■ 

C, 6', 2.flanges, 3 ft. 101 in. x21 in. x ■’ in. = 174' 

D, 2# bracket^ " x ,in.. . = 65.5 

1859.5 

Deduct 32 bolt-holes, f in. x J- in. x -J in. = 13.5 cub. in. 

The.whole of the itepis being thus set down at first, 
there is no risk of omitting anything afterwards. The 
* details of the computations nrsed not be given, but the 
redults only. The use of the jeference letters. A, B, and 
C, enables one to see at a%Ia^ce whether any item has 
been calculated or not. 

aVdding these figures we get 1859.5 total cubic inches. 
Deducting tjiq 32 bolt-holes therefrom, we obtain 1859.5— 
13.5 = 1846 cubic inches as the solid contents ot the tank 
plate> 

Angles or fillets afe usuallyV-ast round the flanges and 
brackets and they.will hardly.be less thjuj i o.r f in’, on 
thd sides. But instedd of.reckoning these up, simply kndbk 
out the 13.5 lb. weight of ijaeta] taken out by the holes, 
allowing tl^t much for the added weight of angles. So 
that we say that therf' are 1859.6 cubic inches in the 
tank plate* knd the decimal dkir be omitted. 

To. bring ^1839 cubic inshes i|ito pounds multiply by 
the number representing thQ«weight of a cubic inch ol 
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cast* iron given in the table, p. 372 = 0.261? ='489.9 lb., 
b^y 490 lb. 

Ifl connection with the plate the frd^uent and considy- 
able divergence between the estimated and actual weighlis 
may be mentioned. A plate of this or of kindred type ij- 
certain to exceed the calculated weight unless precautio*B 
ase taken to prevent it. The reason is mainly because of 
th« broad superficial area over which enorijjous liquid 
pressure takes place at the time of casting, causing the 
top flask to rige,»with a conseqiient thigaening of the 
casting. If the flask is rather light, and the weighting or 
loading down inffufiicient, the evil will be njagnified; and 
if the moulder rams too lightly, or indulges t»o much in 
scraping, rubbing, and sleeking, the thickening will be 
still further increased. I have seen plates come gul; fully 
■ in. thicker in the ce^ntral parts than the pattern, with 
the addition of somethyg" like ^ cwt. to the calculated 
weiglu So it by no means follows that when castings 
are. found to vary cdhaderably from the calculated 
weights, the calculations themselves are incorrect. It is 
speciftlly in castings of this general type that ye haiP f* 
be on our ^uard. All broad Jlat areas tend to increase of 
thickness, ’while in the case of vehieal webs, however 
deen.,there is little or no difference, in the'thicknggses of 
pattetn §nd casting obsgrvable. 

‘Actually,.some allow^ceVs made in the pattern shop 
fh casq^vhere experience shows thal a casting will «ome 
out thicker than thq pattern.* If a casting‘is liablef to* 
gather by in., the pattern is mide ^ in. thinner; if 
in. thicker, then J«ii). less. tank*plate patt ern^ 

should be nfade fufly.iV in. less in Thickness tjian. iSC! 
thickness given on the dra.wing; and»if the plate were 
larger than 4 ft., thifinea^stUl. 
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' The fl 3 R-‘wIifeel shown in hall plan in' Pig. 279, and in 
section i'n (Fig. 280, is an example of a circular casting. 
A, the section to the left is shaded regularly, that to the' 
right being shaded to illustrate how it is dividod into 
separate sections for convenience of calculation. Taking 
t^je rim .,4, first. Obtain the mean circumference, and then 
reckon the rim as a straight atrip of iretal. The outside 






Flo. 280. 

‘ « 

tPLT-WHEy,. 

• 

dianjeter is 3 ft., thd .thickness l| in. The ihoer gamete* 
is,- therefoBe, 2 ft. 9 in., Und the mean diameter will be 
2 ft. lOJ in. Set down the fiJst item of measurement of 
the wheel inMiabular form as given <jn p. 377. 

ling>*.C. liad its sejtipn‘concave and convex, 
and by reducing this to a plain rectangle the concave 
portioA, will about compensale for tke convex edges. This 
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is sufficiently approximate; and time will•cmljr permit of 
practical approximations in all work of this (jhj,raoter. So 
weieduoe the ring, B, to a rectangular section. Its outer 
diameter is 2 ft. 9 in., and it is 1-1 in. wide; therefore?ts 
mean diameter is 2 ft. 7i in., and its section li x in. 
We set down B accordingly in the table. The central hose, 
Q, in like manner has a.mean diameter of in., anJ a 
section of 6 X1J- in. The ring, D, around the boss has 
a mean diameter of 6 in., and*a section of l?x 1| in. 

There are no\j six arms^ E, of elliptical section. Hy 
making thb necessary deductions at circumference and 
centre, we get six plain straight arms, each 111 in. long. 
The mean section of the ellipse at the centre is 2J x 1| in. 
To obtain the area of an ellipse, the product of the two 
dimensions is’ multiplied by 0.7854. So we set down the 
. arms, E, as sjiown in the table! Every item no^ is tabu¬ 
lated except the radii, c, by which the arms merge into 
the r:m and boss, and ftiese can be neglected, or a small 
allowa ice lumped on {pi»t|aem. Now: 

Cub. in. 

A I rmg 2 ft. 10’ in. dia. x 4| in. x 1| in. . = 761^ 

B, 1 riuj»‘2 ft. 7-1 in.idia. x 11 in. x IJ in. . .* 185*2* 

C, 1 ring»3; ill. dia. xO in. xlj-in.». .* .• . = 69.9 

D, J. ling 6 in. dia. x 1,1 in. x 11 in. . . »^ . = 42.1 

ETtTarms 11> in.longx,2? in. xl“ln.x 0 . 78*54 =* 221 

*1279.2 


The circumference'of A in th» table, of 2 ft. 10| in 
=34.5 in. X 8.1415^=108.3 in. dint it islnot usual 01 
necessary, te take the ^fouble'ot caJjialatipg circumfer; 
enees or areas, because tables of the^ are given in‘en¬ 
gineers’ books of «fereribe. Multiplying 108.8 in. bj 
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4'.5 by l.Sc'in.-we obtain 761 cubic inches in the rim, 
and set tha<! down opposite A in the table, p. 377. 



In a similar way we compute the number of cubic 
iirchcs in eaclf'item, and record the results thus found 
in the table, as indicated. 



Fia. 282.— Plan 0 ^ Wcieel Abms 


’The total"is 1279.2 cubic, inches. Multiplying by 
0.263 we get ^6 lb. w*eight of wheel, or 3 cwt. 

The next illustration.’s, a bevel wh^el. Figs. 281, 282. 
fero is 'a major pitch diametel:. A, and a minor pitch 
di&mete^, B. In estimating the sectiojial areas of the rings 
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formed by teett and rifli we take as ourbaSb the metin 
diameters,’ C, and 1), thus: 

'Instead of reckoning the sectional contents of a single 
tooth and multiplying by the number of teeth in»the 
wheel, we make a ring of the teeth. Take the “ face/’* 
portion—beyond the pitch line (shaded at a, right-hdnd 
^nd in plan)—and turn this over between the “ flank ” 
portions—below the pitch line (a', left-hand in figure and 
in plan). Say the tooth is 1 in. long (mean dimensions 
are taken tonverage the (jiper ^ the riA), and the flank 
portion iV in. long, as figured* in section. Turning over 
« to a, we hafe a ring of metal iV in. thick, instead of 
.) in., which would be one-half the total^en^th of tooth. 
But the “ flank clearance ” between tooth face and tooth 
flank w'll be set off against this, so that in. thickness 
of ringwill.be very approxilnately correct, fio, instead 
of taking' the mean diameter, C, of the wheel for 
the diameter of the ring of teeth, we take the mefn dia- 
^leter, E, of the rinf (Jf^etal xV thickness. This 
is 1 ft. lOJ in. diameter. We set down, then, the first 
item as a ring, 1 ft. lOJ in. diameter bj i^in. m;an 
thickneSs by 4 in. iffidth of face of tooth, 

2 * Cub. in. 

, a'*l ring 1 ft. 10 J in. dia. X yVin. x^jn. = 125 
i, 1 ring 1 ft. 10 in. dia. X J m. X 4 in. . =* 207 

c 1 boss 31 in. ma. >t5l in. x l-J- in.. . =• 72 

6 arms 61 in. long x uj.*x 2 in.. . = ^ 76 

e 6 arms 84 in. longx SJ in. x 4 in.... = 119 < 

699 

The rim, b, of the wheel has a mean ^iametv of 
1 ft. 10 in., and ftl rijean thickness i9*| in., ’and width 
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4 ih.; we s#c iO down accordingly; The remainder of tlie 
wheel only ffm'bodies modes of dividing out, previously 
explained, so we just'jot them down as above from tile 
drawing without comment—namely, the boss, c, tb e flat 
arms, d, and the vertical arms, e. 

The total number of cubic inches is 599. Multiplying 
by 0.263, we have 157 lb. weight of metal, or 1 cwt.„ 
45 lb. in the wheel. 

The next illustration is a'bend pipe (Fig. 283). This 
is wholly circulalr. In thjn castings of this fype it is not 
usual to take the mean diameter of the ring or rings of 
metal into which we conveniently divide* the castings, 
but to suhtraft the area of the internal diameter or bore 
from the area of the external diameter, as follows: 

In the' pipe shown in the figure the lengths are given, 
as is usuaX from the centres of the straight lengths, 

A and B, to the faces of the flange^, 7) and E. We shall 
find it,convenient to deduct the bend portion from the 
straight portion, to facilitate ^&l?jlation. This gives 
two straight portions, A equalling 3 ft. 0 in. —9 in. in 
length,^ and B equalling 1 ft. 1 in. —9 in. in length, apd 
we set these down accordingly: ' ' 

Oiib. ia. 

A = 1 tube 2 ft..?in. long x 4 in. and 5 in. dia. .=< 

J5 = l tube 4 im longxd'pi. and {) i^. dia.. . .= _ 28.4 
6'= quarter bend 56.5 in. circ. x^ in. and 5 in. dia. = 99 ‘ 

D and = 2 flanges 9i in, dia. xl ft. thick— v, 

’ 6.in. hole.100.8 


462.2 


6’Lend, (7, happens to be a quarter of a circle, with 
mea« radius, r, at 9 in. So \ve 'say if 5n. X 2=1 ft. 6 in. 
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mean diamete^=5GiT i». circumference,i «ifi we walif 
one-fourfSt of that circumference, and we #et -dowii C. 
'aecordingly in list. .Last, we liaye ^.wo flanges, D and'E, 
each 91 in. diameter xl in. thick. From these we iJave 
to deduct holes 5 in. diameter, equal to the outside dia-' 
meter of the pipe, because we took the total lengths of 
l: and B over the faces/)f the flanges. We put down the 
flanges in the list and begin our calculations. 

Taking A first, we obtain-the area of 5 In.; subtract 
the area of 4 ig. from it,.and multipl/by 2 ft. 9 ili.= 
S3 in. We- do not go through, the process each time of 



squaring the diameter and multiplying by 0.7854, but 
go |o a table of diameters and areas. The resul^is, a^ea 
of 5 in.:*19.G in.; afea of 4 in.=12.5 in.; then 19.6 in. 

— 12.5 iii.=7.1 in. area of cross-tectidh'of pipe, which 
X 83 fn,=234 in., which we set down ac«(irdingly in the 
liBl.bf items. Then ruffe B, wi^l* also equal 7.f in. area 
•x4 in.*=28.4 in. The crass-section of the bend, 6, is 
. also 7a iiJ. 'The mean length of the bend is 56.5.in.-5-4 
= 14 m., and 7.1 in.xl4 b.=99 in. The area.of»a^ 
single flange is the‘area* of 9.5«n.—the area of 6 in.. 
=70 in.-19.6 in. = 60.4 in» TSiere are^.two flanges= 
100.8 in. . 

The total sectional contents of tfce pipe fs 462 jn., 
Multiplying by 26abat 121 lb., or 1 cwt. ^db, in the ^ipe. 
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^Another to run through the weight of plain pipes, 
and anypla^rf cylindrical work, is to make use of a table 
of weights of pipes or columns per foot run. In mcmi 
engineers’ books of reference these tables are gi’ en for 
■cast-iron cylinders 1 ft. long, of diameters ranging from 
2 in. or 3 in. to 24 in., and in thicknesses ranging from 
about -}- in. to 1 in. These tables cover the range of alj 
ordinary pipe and column dimensions, and therefore save 
some little time in subtractihg areas. Again, it is often the 
pradtice not to Asckon out the flanges on a pjpe as flanges, 
but to estimate two flanges as equal to 1 ft. in length of 
'the pipe, which in standard pipes is not far out. 

When getting out approximate estimates by direct cal¬ 
culation there is a good deal of mental work done which 
is not pht down in figures. Thus in running through an 
intricate piece of work certain allowances or setroffs are 
made. Certain holes’will be set ciff against certain lugs, 
brackets, corners, angles, and so forth, when one appears 
to about counterbalance the othSr^iso that one would not 
be set down at all in the calculations, but allowances 
woeld^l);e mentally made tor it. 

Measurements of areas and of volumes have to be 
taken with great expedition, because the element of 
time presses. .GPenerally all rules of mensuration which 
involve much calculation are passed by, and figures are 
averaged into rectangles, triangles, and circles, or parts 
of circles. For the areas in the first case two diro^sions • 
only have to be multiplied together. In the second the 
base and height, and half the product taken. In the 
third, a , table "‘would be consulted. ,Plat and angular 
oarf,^ces Me either bipughi into squate feet, or into feet 
square, and of a definite thickness. Curved surfaces, of 
whatever curve,‘are either brought Into flat surfaces of 
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square feet, or'feet square, or into anmilaf* rings. In 

f "her of these forms the weights are ea^ly oMainable 
ect from tables. • 

Not only are tables designed for use with a given m%tal 
employed, but tables are also utilized for metals other > 
than those for which they are designed. Thus it is vSry 
jasy and convenient tojise tables of weights of wrought 
iron for cast iron and brass. Tables are given for the 
weight of a superficial foot of various thinnesses, and 
of the weigh^ oi a foot rup of bju: iron ^ various tlliek- 
nesses and widths, and these can he utilized for any 
other metal bj»the employment of a suitable multiplier,* 
often saving the trouble of some considerable calculation 
when a table of similar sections is not. available for. the 
metal or alloy required. Thus the multipliei* 0.9538 
■ converte tha weight .of bar iton into that of*cast iron, 
0.939 steel into cast iron, 1.15 bar* iron into gun metal 
or eopi'er. Not that any single calculation in, itself 
amounts to much; kilff hen hundreds of separate cal¬ 
culations are in question, a trifle of time saved on each 
n^es a lot of difference in the sum total. These tables 
are give# in the Appendix. 

Even Tn calculations for brining cdbic inches into 
pora3s» many do not use the multiplied 0-263 given for 
^cast iron. It is more^^ccurateJJian any ether! But for 
very rou^ estimating some simply divide cubic inches 
by 4/yrhi#, however, wotSd malje a good deal of differ¬ 
ence in a big casting. But a very fair approximatiottis 
obtained by dividing’inclfes by 4,•and the quotient by 20!, 
and adding the two. 
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TABLE I • 

Sand Mixtures 
* * * * 

Tresk mixtures, as stated in Chapter 11, p. 12, are given 
as typical and ilflistrative only of the ma’iner in ■which 
moulding materials are prepared to suit the ever-varying 
requirements of the foundry. Only from this pomt of 
view are they to be regarded as of value. 

Two mixtures of strong sand from the Manchester dis- 
krict aiv:— 

< 1 ) 2 barrows of wetiysand. 

2 . „ road „ 

2 riddles of horse-manure. 

•5 buckets of coal-dust. 

{%) 2 barrows of red sand. 

4 „ ground road sand. 

6 sieves of oo^Must. 

1 „ black Mud. 

f • „ loam. 

Jobbing or commoiT send*— 

4 barrows of red saqd.. 

‘ groundfoad ^d. 

2 ,, ‘black sand. 

6 sieves o^^oal-dust. 
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' For snl5,ll*work:— • 

■ 3 riddles of red sand. 

8 „ , road „ 

3 „ fine yellow sand 

3 Iwekets of fine coal-dust 

' For fine wheels:— 

3 riddles of red sand. 

. 3 „ fine yellow sand 

2 buckets of fine coal-dust. 

t. 

In the West'of England. 'Strong sand*- 
2 barrows of Seend sand. 

1' „ Devizes sand. 

2 „ loam. 

5 buckets of coal-dust. 

2 sieves of hgrse-manure. 

Sand for light work:— 

6 barrows of black ^and. 

5 „ Seen^ 

3 buckets of coal-dust. 

J«»mv— 

1 barrow of black sarfd. 

„ ’ Seend „ 

^ ,, Devizes sand. 

1*8 shoveVi of mariipe. 

r 

The above mixture with half the amount, of dung 
• makes a good core sand'.. 

The core sand used at Banbnsry is composed of equal 
parts of bufot sand and a porous red sand obtained in 
the vicinity of Birmifigham. Jhe Idry sand is composed 
the core aaqd ground in a‘mill and thickened with 
clay-^ash. She red sand is larg^y used in Birmingham 
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and Manchester? and, like the Worcester.eariS, which ft' 
resemblesj'-is very free and open, being‘lirgeiy self-• 
. A nting. . . 

In the Bradford district (Yorkshire) a red sand frSm 
the Doncaster district is employed for general jobbing * 
work; it is fairly open. 

**“ Winmore,” a very ^open gritty sand, is used for 
■^frong green sand moulds. 

' A yellow sand from Kinpax is used for coles and for 
dry sand work. ^ 

For loam; Doncaster or Kippax santfis ground with 
clay-wash, and Jjorse-dung or cow-hair added. 

Mansfield sand (Nottinghamshire) is’used for fine 
work: it is a close sand. This is also use^in &e Eastern 
• Counties. A little old sand is mixed with the "above, 

■ according to the class^of work.* 

The following'are from foundries in Bradford:— 

(1) Ordinary green s^d is composed either of Pgnte- 
fract, Doncaster, or SnjitJ^sand, mixed with 50 per cent, 
of bid sand, and 1 part of coal-dust to 8 or 10 of sand, 
according to weight of casting. 

(2j Fine green saad for small moulds and teeth of 
w^elsjs composed of Mansfield s&nd, ^ith from 26 to 
50 per Cent, of old sand, and 1 part of coal-dust to 16 of 
saiffi** 

^ t(3) For cores: PontefA,ct»Donca8ter, and Snaith sands 
jre usedj^ftvided they fere free from clay. 

(4) jf or large cores: dried loajn pounded, and horse» 
dung dried and sieved,* are*mixed with the above sands 
in various proportions. 

(5) Dry s^d: foe Ta«ng—drlbd toam ^Rounded, wd 
brought to consistence of green sand;, for box filing * 
old and new sand mij»d, and weak clay-wash added. 
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' ' From aiiothcr firm I have:—< 

(1) For cpmmon green sand: yellow sand from Kippax, 
and red sand fron^ Snaith and Doncaster, each mixed 
wiih old sand in different proportions, according to the 
quality of the work. 

'(2) F6r fine wheels: Mansfield sand. 

^3) Strong sand is prepared from Buttershaw safiu 
mixed with old sand, and coal-dust in varying propor¬ 
tions. 

(4) Cores: red sand, or yellow sand, mixed with a little 
clay and old sand. ' . • 

From a Leeds firm:— 

(1) Common green sand: two-thirds of old sand to 
one-third of ne^ yellow sand; coal-dust to suit work. 

(2) Strong sand: one-half old sand, one-quarter yellow, 
and a quarter red; coal-dust in varying proportions. 

(3) Core sand: two-thirds yellow sand, and one-third 

manpre. ' 

In the London district Erith ^and is largely used; in 
Scotland, Belfast and Falkiri sands; each district' itnd 
ejch shop having its own special mixtures; but the fore¬ 
going will feufiSce to illustrate the method of mixing.' 



TABLE n 

LIST OF SI25S, ^EI»HTS'ANO DIMENSIONS OF “RAPID” CUPOLAS’ 


2 

W 

Uh 

< 

r: 

H 

Oi 

< 

««» 

y 

h 

CO 



















TABLE IV 

' THWAJTES’ IMPROVED,ROOTS’ BROWERS, ON i'. 39,, DRIVEN.BV BELTS. 
; Bedplate, filed■mth,machined Revolvers and Geanm runninir in Oil-h.i, 



Approx. Weight, unpacked . cwt. 





STURTEy^'f “HiGH RPt SSURE' FANS FOR FOUNDRY WORK 
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TABLE VI. 


SIZES, WEIGHTS, fROOF STRAINS, AND WORKING 
LOADS OF SHORT LINK CRANE CHAIN. 


Sin of Chain. 

4 

Approximate 
Weight per 

Foot in lbs. 

Proof Strain 
inCwta. 

Working IxMd 
in Cwts. ^ 

f 

i'33 

'3675 

20*0 

TS * 

rgi 

45 "O 

24*0 

i * 

i 

*•33 

65-5 

27*0 • 

t 3'25 

75-0 

44-0 

, 3-66 

* I02'0 * 

, 530 

1 

5‘33 ■ 

I47'0 

8 o’o 

2 

671 

2CXD'0 ^ 

IIO’O 

I 

. 9'33 

268 'o 

f40'o 

*5 

11-9 

334-0 

i 8 o’o 

i4’5 

4080 

220*0 


TABLE ni. 

SIZES, WEIGHTS, WORKIN^fLpADS, AND BREAKING 
STRENGTHS OF HEMP ROPES. 


Weight per Fathom 
iawch^ in ihi. 

Safe Working 
Loads 4*1 Cwts. 

Breaking 

Sc^D In Cwts. 

jl ■ IX) 

31 4-0 

3 s? 

5i ro, 

(< 9'0 

6* lox) 

,7 liv , 

74 *4-0 . . 

8* 160 

gl 22*0 

xo *S-'0- . 

6 

12 

18 

% 

30 

; .36 

4* 

48 

“ fs ‘ 

84 

«0 

• .yjj •• 

lCo> 

•200 
. , 240 

' ‘>..2’8o 
' 320 

36a 

S20 

560 
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TABLE VII — continued. 

SIZES, WEIGHTS, WORKING LOAD^, AND BREAKING 
STRENGTHS OF ROUND STEEL WIRE ROPES. 


Qrcumference 
in inches. 

Weight per 
Fathom in lbs. 

Safe Working 
LMids in cwts. 

Breaking « 
Strain in cwta. 

I 

s 

ro 

9 

60 

ij 

1-50 

15 

too 

U 

TO 

21 

140 

l| 

2-50 

V 

ito 

2 

3-50 

it' 

i 220 

■ 

40 

. 39 

260 

^1 

4-50 

45 

300 

5 'o 

51 

340 


5-50 

60 

‘ 400 

6*50 

n 

480 

-V 

8'5o 

84 

560 

3 f 

i 

5-0 

90 

600 

10*50 

100 

•£20 

12*0 

"5 

% 4 o 

4 

14*0 

120 . 

9^ 


TABLE VIII. 

^AV£RAGE COMPOSITION PIG, IRON. 


• • 

Urey. , 

.- 

Uottle^ 

.White. 

braphitic carbon. 

. 3 'I* 

1-99 

j- 

Combine^M^on.« ... 

• 0*04 

Si6.* 

278 

071 

f 2 42 

^•36 

Sulphur.,. 

• O’ll 

trace 

0-87 

Phosphorus .., 

0*3 

1*23 

108 

Manganese . 

0‘50* 

— 


Iron. 

« 4 ’S 6 * 

93:9 

. 9 S ‘27 
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TABLE IX 
MENSURATION 
1 .—Abe'as 

1. RecUnglt or Paralkloyram. Multiply the length hy 
thu breadth. , 

2. Tnanple.'Multiply the base by the perpendicular 
height, and take half the product. " 

Or: Prom ‘naif the sum of the three sides subtract 
each side separately, multiply the half sum and the three 
remainders together; the square root of the product will 
be the *«ea. ' . , , 

3. Trapezoid. Multiply half the sum of the parallel 
sides into the perpendicular distance between them. 

4. Quadrilateral. Divide quadrilateral into two 
triangles; the sum of the areas of the triangles is the 

»■ . .. • 

6. Irregular Polygon. Divide the Polygon into triangles, 

and trapezoids by drawing diagonals; find the »i-e.'’Sfc?f 
these as aboyef shown for the area. <, ., 

6. Repuhr^Polygon.'-Multiply'iij^e length of a side by the 
perpendicular height to the centre and by the number of 
sides, and half the product will he the area! " 

. 7. Circle. Multiply .the square of the radius by 
3-14159. c ' ' 

Or: Multiply the square of the diapieter by *7854. 

8 Circular, Ring.' Pint the ^rea 'of each circle, find 
silibiract 'the area of the inner circle from the area of the 
onW circle. 
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Of: Multiply fhe sum cJf the radii by th«ir^ifferenctf,' 
Dnd the product by 8’14159. 

9. -Sector of a Circk. As 360 is tcj the number ot de¬ 
grees in the angle of the sector, so is the area of the cirlle 
to the area of the sector. 

^ Or: Multiply half the length of the arc of the sector By 
radius. • 

. 10. Segment of a Circle. Find the area of the sector 
which has the same arc, and subtract the B,rea of the 
triangle formed by the radijil sides of th» sector andlihe 
chord of the a^b; the differenee, or th*e sum of these 
areas, will be the*area of the segment, according as it is • 
less, or greater than a semicircle. 

11. Cychnd. Multiply the area of the generating circle 
by three. ' ' * 

■ ■ 12. Parabola., Multiply the*base by the hei^t; two- 
thirds of the product is th'e area. • 

13 Ellipse. Multiplj^the product of the two axgs by 
•7S5v 

Notb. —The area of an ellipse is equal to the area of a 
c'rcjf, of which the diameter is a mean proportional Jie- 
trieen tlie*two axes. 


II.-»-V0LUMEg 

14. Parallehpiped, Fm^aiorCyfinder. Multiply together 
•the lengWl^ tfie breadth^ anJ tl^e h^ght, and the pyoduct 
will be the volume. 

Or: Multiply the area of the base by the height, and' 
the product will b^the volume. 

Pyramid or CoaaJ Multifly tljtargfuof the base by* 
the height, and one-third of the pnoduct will be jlie 
volume. 
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'■16. We£ge.‘ twice the length of the base add the 
.length of t^ie edge; multiply the sum by the 'breadth of 
the base, and by the height. One-sisth of the result will 
be'the volume. 

17. Sphere. Multiply the cube of the diame'«r by 
•5i!36. 

is. Spherical SheU. Subtract the cube of the inn^r, 
diameter from the cube of the outer diameter, and multi¬ 
ply the resdlt by ‘6236. 

19. Zone of Sphere. To three times the sum of the 
B(][uare6 of the radii o^ the ends add the square of the 
height; multiply the sum by the heigh^and by -5236. 

20. Segment'~of Sphere. To three times the square of 
the radius'of the base add the square of the height; 
multiply the sum by the height, and the product by 
•6236. 
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TABLE X. 

WEIGHT OF TWELVE INCHES SQUARE OF 
VARIOUS METALS. 


1 Br&s. Copp«.| m ^ Zinc. 


och. !bs 

t's ! 2'5<^ 

I . 

t ■ ‘5 

* l'7-5 

l::o- 

A .”’5 
■i ‘.L-.' 

V, 
t 30' 
b *2'5. 
I :35' 


I3t5 ' U-37 

i6-I4 17-24 1 I 4'24 |I 3'50 


18-82 20*12 
21-5 23- 

24-20 25-87 
26-90 28-74 
29-58 31-62 
32-28 34-48 
34'95 37-37 
37-64 4024 
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'TABLE XI. 

WEIGHT OF CAST IRON CYLINDF.RS 
ONE FOOT LONG. 


P.xteret! 

ijiineter. 



Thickness is Inches. 



5 

J 

* 

1 

i 

i 


inches. 

lbs. 

lbs 

tbs. 

tbs. 

tbs. 

lU. 

lbs. 

3 

6-75 

' 9'65 

12*3' 

'147 

14-6 

tp 

18-3 

19-6 

3 i 

798 

11-5 

17-6 

20*3 

22-6 

24-5 

4 

9’20 

13-3 

17-2 

207 


26-9 

295 

44 

io ‘4 < 

15-2 

I9'6 

23-8 

27-7 

3 I‘' 

34’4 

5 

117 ■ 

17*0 

22*1 

26-9 

3 I '5 

35'4 

39'3 


12*9 

,i8'9 

24-5 

29-9 

357 

397 

44-2 

6^ . 

I 4 ‘I V 

207 

27'0 

330 

389 

44*0 

‘ 49 '' 

6| 

yy 3 

22-5 

295 

36' 

42-6 

48-3 

54-0 

y 

k.6-6 

24-4 

5 * 9 

39 '' 

464 

52-6 

58-9 

74 

17-8 

26'2 

34'4 ■ 

42*2 

SO-I 

56-9 

63-8 

g 

i9'o 

28-1' 

36-8 

( 45'3 

‘48-3 

53-8 

61*2 

68-7 


20*3 

29-9 

39'3 

57-5 

65-5 

73'6 

9 

21-5 

31-8 

417 

51*4 

'^ 4*5 

61-3 

698 

78-5 

94 

227 

33'6 

447 *■ 

65-0 

74 'l 

8 S ’5 

[0 

23'9 

3 S ’4 

46‘6 

57-5 

68-7 

78-4 

88-4 

n 

26'4 

39 ' 

S'S 

637 

76-0 

87-0 

98-2 

ti <e 

08 -* 

428 

56‘5 

69-8 

83-4 

95-6 

loi-o 

13 

3 i '3 

46-5 

61’4 

7 f 9 

9071 

I0^'2 

117-8 

14 

338 • 

SO -2 , 

66’3 

82-1 

98-0 

112-8 

Ssasi 

>5 


53 'g 

71-2 

88-2 

105-4 

121*3 

ij6 

387 , ' 

57-5 

76-1 

94-3 

1127 

129-5 


17 

411 

61 ‘2 . 

gro 

«':oo*5 

I20‘0 

138-5 

I5f-l 

ig 

43‘6 * 

64-9 

85-9 


127-4 

I 47 ’i 

166-9 

>9 

• 46-0 

68-6 

QO'8'r 

112-8 

1347 


1767 

20 

48-5 

72'3 • 

957 ’ 

118-9 

142*0 

786-5 

21 * 

50-9 

75'9 ■ 

iol)'6 

1250 

I 49'4 

172-9 

196-4 

t 2 ■ 

53 4 • 

796 

« 5'5 

131*2 

1547 

181-5 

206-2 

23 

55-8 

83'3 t 

110*5 ‘ 

' 3/3 

164-0 


215*0 

24 

58-3 J 

87‘0 

115-4 

I 43'4 

171-4 

198-7 

225-8 
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TABLE XI— continued. 


' I Thickness in Inches. 

Ivxteniat ! —■—r - • -- -- ; ; r 

Diameter, j i j i j a j ^ 


inches. 

lb 5 . 

Ib.. 

lb. 1 

lbs 

*5 

6 q ;8 a 

\ 9 o -7 ; 

12016 ' 

149-6 

26 

63-2 

94-3 

125-2 1 

>'557 

27 

657 

«^S-o 

130-1 • 

161-8 

28 

68-1 

101-7 

135-0 1 

1680 

29 

706 

105-4 

139-9 ■ 

174-r 

3 " 

3 > • 

73'0 . 
75‘5 

109-1 

112-8 

I 44-8 

M9-7 

180-2 

186-4 

3 - 

77‘9 

116-4 

154-6 'l 192-5 

33 

,80-4 • 

120-1 

159-5 [-198-7 

’34 

82-8 

'123-8 

164-5 

204’8 

25 

85-3 

127-5 

169-4 

210-9* 

■^6 

87-8 

131-2 

3174-3 

217-1 

3^ 

92-7 

138-5 

18411 

229-3 


97-6 

145-9 

t.J 43-9 

241-6 

42 

102-5- 

153-3 

203-7 

253-9 

45 

109-8 

164-3 

218-5 

272-3 

48^ 

117 2 

175-4 

233-2 

290-7 

51 

rt 4'6 

186-4 0 

247-9 

309-1 

54 

131-9 

>97-5 

262-6 

•327‘s 

ir^- 

139-3 

208-5 

277-4 

345-9 

49 

1 . 146-6 

1 219-6 

292-1 

364-3 


} I 


1 


lbs. 

jSo’i 

i9.r4 


200-7 

20 S-I'| 

215,4 

230-1 

237'5 

244-8 

252-2 

259'5 

274'3 

289-0 

3037 


235''> 
:45'4 
=p-3 
2651 


207-2 
215-8 
224-4 
233-0 

341-01 274-9 
250-2! 2S4-7 
258-81 294-5 
•267.-4.1'304'3 
276-03 3I4’2 
2S4-6\ 324-0 
293''! 333’8 
3017; 343'6 
318-91 3 # 3'2 
336-11 382-9 
_ . . 353'3 i 402-5 
325’8 1 37J-' I 43a'e 
347-9! 484-^461-4' 
370-01 !(io-61^90-9 


39B-I 


436'3 


450’4 


414-OT 482-1 


520-3 

549-8 


507 ' 9 l 579’3 



^BA0}ICAL IBON FOUNDING 




TABLE XII. 

COMPARATIVE WEIGHTS OF DIFFERENT BODIES, 


:j£. 


>——— 

Cast !ron-i 

Bar Iron=>i 

Steel 

*1 

Bar Iron 

I "0484 

Cast iron 

= -9538 

Cast iron 

= "929 

Sttel 

= I '0766 

•Steel 

=10269 

Bar iron 

= -97378 

Brass 

= r2i'37 

Brass 


Brattl 

el *07 

Copper 

Copper 

=1-15163 

Co|)per 

=1-1236 

Gun metal 

= r2o8 

Gun metal «1*15094 

G metal 

as^I'12132 

Lead 

= 1-5645 
/ 

Lead 

=1-5 

Lead 

-1-4532 


I^.asssi 

Copper 

3 | 


Gun Me tat-1 

Cast iron = -867 

Cast iron 


-83 

Cast iron 

= -S28S8 

Bar.'ron 

= ' 9°9 

Bar iron 

=a 

-8666 

Bar iron 

= -86874 

Steel 

= -9336 

Steel 

n 

•?9 

Steel 

= •891135 

Copper 

= 1-05 

Brass 

e 

95 

Brass 

= ‘95583 

Gnn metal »1*046 

Gun metal 

e 

-qqq4;Copper 

=*1*00045 

Lead „ ‘.“i-ss?" 
■ ■ ‘_Ii_ 

Lead 

_ 2 . 

■293 

Lead 

= r 2924 & 
>£_ 




Lm4»i 

Yello» Pine-i' ' 'i 

Cast iron >0-64 

« Cast iron = :6-o 

‘ Bar iron =-67 

Steel ,.^Z7-o 

Bted =-688 

Brass =18-8 

. Brass =737 . 

, Gtjp metal = 19-0 

Copper =•774 

Copper *»I 9*3 

Gunme*a'. ="77^ 

Lead =24-0 
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, TABLE XIV. 

DECIMAL EQUIVALENTS TO FRACTIONAL PARTS 
OF LINEAL MEASURES. 


One inch the integer ot whole number. 


•i & '’e 

I ^ 



TABLE XV. 

. ' C' 

DECIMAL APPROXIMATIONS FOR FAGILITATt.hu 
. CALCULATIONS IN .MENSUR.ATION. 

_ U ^ G. 

Square iiichc" multiplied by ’ooy = Square feet. 

:_•nnrtcS s (lilblC.feeL 


Cubic inches 


W 

Avoirdupois Ibr. 


•00058 

' „ •zfiS 

„ -281 = „ 

'283 “ .. 

„ -3225 e- „ 

,tr -3037 f, 

„ '20 , = e „ 

'V'OS 
•i63<5 
„ w 4 ?o 8 
t,, •w*? 


Cubic feet 
Lbs. Avs. of Cist jrpm , 
„ ^ „ Wroughtilpa 

» » W 

„ Copper. 

„ Brass. 

„ Zinc 
„(3Xwi» 

” vt"' 

„ Mercury. 


= Cuts. 
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‘ALliMISUlM, 35. 

^Analysis of sands, 15-17. 

Angles in castings, 132. 

Anvil block, 163. 

Appendix :* ^ 

Tables I.^Sad^ mixtures, 38.f 
„ 11,111. Pa^culars, “Ka- 

pid ” cupolas, 389, 
390. 

„ IV. Particulars, Root’s 
• "blowers, 392. 

„ V. Stqrtevant fans, 393. 
„ VH. Grant? chains* 394.. 

* VII. Ropes, various, 394, 

395. 

,,VI11. Composition of gg 

• iron, 395. m 

,, IX Mensuratio^ 396- 
398. 

Weights of various 
metals, 3A9. 

^ ^1. Weights of cast iron 
* cylinders, 400,401. 

^Jj|l. Comparative weights, 
^ ■ 402. • 

Weights, caif iron 
^ balls, 403.* r 

,, XlV T)ecimal equivalents, 

m. 

„ XV. Decimal •approxffna* 
* tions, 404. 

plates# 101. 

Bar tester, 38. 

Bars, 94, 95. 


Bead tools, 112. 

Redding-in, 138. 

Rend pijie, 259. 

Bessemer converters, 91. 

Black sand, 7. 

Bfe.ck wasi^ 13. 

'Slackening, 13. 

Blacking, 13. ^ 

Blacking, wdt, Kl. 

Blast, 60. ■ 

Blowers, 62-64. 

Blow boles, 124. ' 

Bogie tracks, 75. 

Bottoifi boards, 263. 

Box filling, 7. 

Bricking up, 238. 

' Bricks, 238. 

Bricks, loam, 120. 

Broken castings, mouldingvfi'om, 
364-371. * .• •» 

Buckley |nd •^aylilTs wheSr> 
• u&ulding ^chine, 329-334. 
Burning on, 

Burnt iron, 31« 

Burnt sandt 12> 
t 

Caliper^ 238. i 
, Calling bosses, 177. 

: Casting ladles,* 65-70? 

*1 lasting on end, 188. 

CaStiiig nit^^. 

^stings, ciKing of, 114. 
LCastgi^, shnnkage^f, 

I (Jastibgtf \f'eTght of, 372 i83l 
i Chains, 394. 

405-* 
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• bhaplets, 

CSlarcoa], ‘ 

Charging of cnpoiaa, SO, 51. 
‘Chwsks, 246. ' 

Cbilling, 44, 4b. 

Cinder bod, 144. 

CinaeK, 144, 2.S!). 

Claj pings, 162. 

Clean castings, 13. 

Cleijner, 110. 

Coal dnst, 9. 

Coal, grinding of, 26. 

Coal mill, 26. c 
Coke, 53. 

CokeW, 164, 228. r. 
CoUiBhuts, 128. *■ 

Collapsible core bars, 84. 
Compressed air,^87.( 
Converters, 91, 

Copes, 93, 94. 

Gore bars,* 2'8, 

Core bars, collapsible, 220. ' 

Core carriage, 93. 

Core grids, 217. 

Core irons, 218. 

Core m&ing, 192-197, 232. 
Core making machines, 319. 
Core'ovena, 74. 

Cortplate^, 2N. 

. Core prints, *223ril28. 

Core ropes, 220. * 

Core sand, 11. «* 

Core stoves, 74, 228, 

Core strings; 221, , 

Core vents, 221, 

Cores, 215-233. . 

Cores, di^lig of, 11, 74. 

Cores, -greea sand, 11. 

Corec, gilds for, 217. 

^Cfine chains, 394. 

Crdnes, 81. V 

(iirystedlizatx'ii, lln 
Ciipq!a%Iast, , S 

Capola,vchasging of, 53. 


Cupola, cfaeimcsl actsons, 54. 
Cupola, drop^ttom, 59. 

Cupola furnaces, 40-.eO, 73. 
Cupola, “ Rapid,” S6,'^56. . 
Cupola tuyeres, 49, 57, 58. 
Curving of castings, 114. 

Cylinder moulding, 187, 197 209. 

Decimal approximations, 

Dec'mal equivalents, 404. ' , 

Delivery of patterns, 148, 272. , 
Drags, 93, 95. 

Drawing of castings, 128-132. 
Drawing of patterns,.363-364. 
prop bottoma.-j£|. 

Dry sand, 10. 

Dry sand, moulding in, 185. 
Drying, 10. 

Drying stoves, 74. 

Electric power, 86. 

Faoing*Band, 8. 

Fans, 61, 62, 64. 

Feeder head, 160. 

Feedirrods, 160. 

Fee4ing, 169. 

FilleSo, 133. 

Finning, 185. 

Flasks, 93-108. 

Flanks, {pirns of, 101. 

Flow off gates, 161. r 
Forms of flasks, 101. 

Forms of prints, 86. 

Foue lriss, 71-9^ 

Founk.y cranes, 81. 

F,oundfy pit, 76, 77. 

Fracture of casting!^ Av.- 

Gecr moulding-bevels, 344. 

Gear moulding machine, 328,334. 
Gear moulding-spurs, 335 . 

Gcarelg. 1*1% 87. , ^ 

Goodwimand How’s patmtlalflp 
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Green tad, 0.^ ^ 

Green saod cores, 11. 

Green sand n’^onlding, 103-184. 
Gray Iron, SO. 

■ Grids, 217,218,342. 

Guide irons, 298. 

Hard ramming, 126. 127, ,1.86. 
Hay bands, 218. 

^Iledfl iuetal, 209 214. 

"^fiating, 90. 

Hemp ropes, 197. 

Hollows, 133. 

Honeycombing, 12i 
Horse manure, 10. * , . 

Hydraulic mouldings macbines, 
310-314, 317. 

Hydraulic,power, 88. 

Ingates, 154, IM, 138. 

Iron, 28-40. 

Iron ank Slpminbaiu, 35, 39. 

Inen, burnt, 31. 

Iqin, economical melting of, 59. 
Iron, foreign constituente of, 3.5. 

' Iron, gray, SO. • 

Iron, mottled, 31. 

Iron, pig, 29. 

; Iroi^ remc'ting, 34, 36. 

Iron, testing of, .36-44. 

' Iron, nhite, 30. 

. • 

JaMammfeg moufding machines, 
l»828. ^ 

at boards 263^ g 

Sta,'98, 140,163,28^ 190^ 
l^ofoto, lappi|glkI33^ 

K'ieidles, 66-70. 


Iliadles, feared, 67. 

Goodwin 
. patent, 70 . 

{jointe, 133. 

sers, 1*8, 


and Eowjp 


Loading, 100. ‘ t 
loam, 11. • 

Loam boards, 236,248. •.. 

Loam bricks, 120, 242. • 

Loam cakes, 1S2, 159. 

Loam mill, 19. 

Loam monldingj 234-251. 

Loam patterns, 252-262.. 

Loam plates, 236, 240, 244, 290, 
256. 

l,oa,m work, 2.34-251. 

Machine moulded gears, 329-346. 
Machine monying, 262-346. 
M^fiines, Sit 89. 

Machines for sand preparation, 
19-27. 

.Manganese, .35. % 

Melting ratiOj 58, 59. 

1 Mending up,^8. ^ 

pending up pieces, 149. 
Mensuration, 396. 

Middle parts, 93, 96. 

Mixing of sand, 12,18-27. 
hfbttled iron, 39. 

:d for cylinder cover, 156. 

Id for anvil block, 163. 
Mould press, 279. , 

Moulding a tayerefs29. •« 
i^ontding boxes, 93-108. 
Mon])iing bf^iaehine, 262-346. 
Moulding a eiftss, 177. 

Moulding cylindess, 187, 197-209. 
Moifiding in*d^ sand, 185. 
Mottldftig in §Aea sand, 18J-184. 
ikonldiuKin loam, 234-251. 
iftoulding iusopen sand, 137. 
Mqpilding mackines, 278,283,284, 
fi86,294,295, 2^, 301, 302, SSO, 
•312, 313, 316, 316. * ^ 

Moulding, pla^ 294. •*• 

ifouBing o£^y-wl|peI, 1||. 
Moulding of sheaye wired, 

I 142, 
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Moulding of trebly wheel, 340, ; 

* 284. 

Mouldicg, principles of, 1. 
Moulding sand, 1, 2, 4-27. • 

.\t‘)ulding a soap pm, 247. 

Moulds, permanent, 4'.. 

Multiple moulding. *^1.**. 

Nailin':, 147. 

Oltiee*-. 7s 

* Ud i^and. 7 

< >pen sa»<d. 137 

Tarting sand, 12 

I’alt'Mns, fleli\ery or, 4, 1 

J’attcin of Hy-Mlif<’l 
](iS. 170. 
ralU'i-ns, 2, 3, 3 
rationi" in loam J.'-'J 
I’ormaiient i)io'a!<l- l.'i 
J*liosjiliorn'«^33. 

Pig iron, 

l^its 7t>- 

Piali* nionlding. 281 
Plated pattern". 2(2* 283. 

Plugs, 162, 188. 

Plumbago, 13. 

Pocket prints, 224. 

PorU/?>le nio'.-lding macliine 23."». 
Pouring, 150. ( 

i’ouring basins, 132 
Pouring mould.". 13f). ^ 

Power, 83. , 

Prcksure, 100. 134..166. 

Prints, forms of, 2^3. 

Prints, pocket, 224. 

Prod-s, 242.' 

J’umpitig. 150. 

Kaminv''S lOS, 109. 

‘itamhlKig, 269i 
R^jpping, 148,'%^2, 2^3. 

Kfeversc^mould} 108, 343. 3 
hiH.llcsS «2. 23. 4 


Piseis. 154, 161. 

Rockov:?r moulding macnines, 
294. 

Kodding, 145. 

Koot’s lotary blower, 63, 392. 
Hopes, hemp, .394. 

Popes, wiic, 304, 395. 

Jlunner .spray, 157. 

Kiinner stick, 157. 
liuiiners, 152, 158. 
btinning. r'2 

Sand, 1.2. 1 27. 

Sand, bbi'dv. 7 
Sand, burnt, 12. 

Sand, <'ltoini-try of 14. 

Sand, con*. 11. 

S.unl. dr\. bt 
Saiul. lacing, H. 

Sand, iriccn, (». 

S.ind. giirniing. 10. 

S iml. rnaebim " ha . H . 

.S.-tmi, iiiiNiii'j: id. 12. 1S-2T. 

Sand, pail Ml”. 12 

Sand, preparation of. 18 27. 

Sand sifter-1. 2(b‘_3. 

Si-abbing, 12ti. 

Scraj., 20, 32, 34. 

Sliojis, 71-92. 

Slirinkage, 41-43. 

Sbinikage of castings, 113. 
Sieves, 22, 23. 

Stlicon. 35, 42, 43. 

Skimmer, 7s. 

Spflmming chamber, 154. 
Skin'.irvii.g, 10. , 

Slag^tif., ,51. . ’ ’ ■ 

Sleekern, 11*2. 

Slee^'Jng, 127. 

Snap flasks, 103-108. 

Soap ]ian, 247. 

‘ftofkct'btnd, 259. 

Soft rjinttniiig, 127^’'. 
S]ieci«lizatios, 326, 327* 
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Spray runners, 157. 

147."^ 

Siiri.i,"K 147. 

Sl!ikin,n, !>H. 

*ST4»\s, !U-yn 
Stoain }«>\ver, 85. 

St'‘wart’s ])ateiit “ IJapid ” (‘ui«>!a, 
55, imi 
sioppiii- < n; 

S!(»ppini; over, *221. 

225. 

Slo\es. 74, 228. 

Strap, 2.‘»(i. 

Sltiektes, 25H. ;i50. :i51, Xa 
Slricklri-, 2:i8;2(il, ;{>, . 

Strikiiij' l>ar, 2^k5. • 

Slrikin;' Ixtards, 2Ii(}, 5.45. H.’W- 
540, 515-545, 551). 

Stiippi'i |>Iatp^, 275, 21)2, .50il. 

Sti -lyu .ujd, 8. 

tjniolim. .‘15 

Sw.lI). !1S t 

S\\)>l»lntiii, 148. 

S\v*i*]''ii. up, 100. 

Swi'.ol- H". 

Tt* r,'5. 

'IV luii;- of metjil. .50. 51. 
Tarvi52. 

Te-'t *;n>, *>7? 45. 

TeMiiij; yiacliiiie, 58. 
Tliiektiesfliij;. 258, 20<t, 201. 
fihree pailJTl numld, 142. 

’ TooisT 108-112. 

Top j'artt, U.’l? 


I 'i'acks, 75. ft 

I Tso\\el^. 110. 

'rurii ovei boartls, 203. *. • 
Tuniiii- ov<>r, 1.50. 145, 271. 
Tu\ere moulcliift^, 220. 

' T'liiveisal nimiklino inaelpiie, 
207. 

I Vi’dl pipe^. 144, 104. 170, 228. 
\’eiil loo. 

^’entilat lou, 1)0. ^ 

Ventin”. 111. 

\ online luain. 105, 

N'ent't^ 144 s'* 

VeifT'-, eliukiiiu ot. 14 4. 

! V cut-', s^^{•urill” ol. 227. 
i Mliraior liaiiic ,j,iu<»ul^fin^ ina- 
! clilne, 502. 

! 

jO^^ eii^litin;;. l(.y>.' 

e<)hiparativ«N^<l^l2. 
Wei^'lits of eaHlin;;?., 5722485. 
Wtd^lit's of ea^t. iron balls, 405. 
VVii .i.,lits of cast iron cylimleis, 
4(H). 

W.^ts of metals, .500. 

■\Ve( Itlaekiii”. 15. 

"Wju'cl motibUii;; nUtcljinc, 

ti'ctli,43:>, 3S7. . 

■\VliccR. nitmliliiiy of, 329, 301- 
504. • 

iroif, ;4(4. 

Wile ro^es, 50#4 
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